



MODEL INDEX 


Model 

Page 

Model 

Page 

Model 

Page 

Model 

Page 

ADC10HT 

....6-8 

MP1216 

. 10-12 

TM27 

.. 9-19 

3500/MIL. 

7-73 

ADC60 

.. 6-18 

MP2216 

. 10-15 

TM70 

.. 9-27 

3501 

1-71 

ADC71 

.. 6-24 

MP7104 

. 10-17 

TM71 

.. 9-42 

3507 J .... 

1-75 

ADC72 

.. 6-32 

MP7208 

. 10-17 

TM71-I/0 ... 

.. 9-42 

3508J .... 

1-79 

ADC76 

.. 6-40 

MP7216 

. 10-17 

TM71B 

.. 9-60 

3510 

1-83 

ADC80 ....... 

.. 6-48 

MP7218 

. 10-21 

TM76 

.. 9-27 

3510VM/MII 7-84 

ADC82 

.. 6-56 

MP7408 

. 10-23 

TM77 

.. 9-42 

3521 

1-89 

ADC84 

.. 6-64 

MP7432 

. 10-23 

TM77-I/0 ... 

.. 9-42 

3522 

1-89 

ADC85 

.. 6-64 

MP7504 

. 10-25 

TM77B 

.. 9-60 

3523 

1-95 

ADC87/MIL .. 

....7-7 

MP7608 

. 10-27 

UAF11 

.. 5-93 

3527 

1-99 

ADC100 

.. 6-72 

MP8304 

. 10-29 

UAF21 

.. 5-93 

3528 

1-103 

ATF76 

.. 5-86 

MP8316 

. 10-33 

UAF31 

. 5-101 

3542 

1-109 

CS450 

.. 11-1 

MP8408 

. 10-29 

UAF41 

. 5-109 

3550 

1-113 

DAC10HT 

.. 6-80 

MP8416 

. 10-29 

VFC12 

. 6-360 

3551 

1-117 

DAC60 

.. 6-88 

MP8418 

. 10-35 

VFC15 

. 6-360 

3553 

1-121 

DAC63 

.. 6-93 

MP841 8-EXP . 

. 10-39 

VFC32 

. 6-367 

3554 

1-125 

DAC70 

. 6-101 

MP8608 

. 10-41 

VFC3 2/MIL . . 

.. 7-61 

3571 

1-133 

DAC71 

. 6-109 

MP8618 

. 10-41 

VFC42 

. 6-375 

3572 

1-133 

DAC72 

. 6-119 

MP8632 

. 10-41 

VFC52 

. 6-375 

3573 

1-139 

DAC73 

. 6-129 

MPC4D 

. 6-267 

XTR100 

.. 2-23 

3580 

1-143 

DAC74 

. 6-137 

MPC8D 

. 6-274 

100MS 

..3-17 

3581 

1-143 

DAC80 

. 6-152 

MPC8S 

. 6-267 

546 

....8-3 

3582 

..... 1-143 

DAC82 

. 6-163 

MPC16S 

. 6-274 

550 

....8-3 

3583 

1-147 

DAC85 

. 6-170 

MPC800 

. 6-253 

551 

....8-3 

3584 

1-151 

DAC87/MIL .. 

.. 7-23 

MPC801 

. 6-260 

552 

....8-3 

3606 

2-34 

DAC90 

. 6-178 

OCAIOO 

.. 4-10 

553 

....8-3 

3626 

2-42 

DAC736 

. 6-129 

OCA101 

.. 4-10 

554 

....8-3 

3627 

2-46 

DAC800 

. 6-183 

OCA102 

.. 4-10 

556 

....8-3 

3629 

2-50 

DAC850 

. 6-190 

OPA11HT .... 

....1-8 

558 

....8-3 

3630 

2-56 

DAC851 

. 6-190 

OPA12HT .... 

.. 1-12 

560 

....8-3 

3650 

3-32 

DIV100 

....5-6 

OPA27 

.. 1-16 

561 

....8-3 

3652 

3-32 

DTP-05 

....9-2 

OP A3 7 

.. 1-16 

562 

....8-3 

3656 

3-40 

FOR110 

....4-2 

OPA101 

.. 1-24 

700 

....8-7 

3712 

4-14 

FOT110 

....4-2 

OPA102 

.. 1-24 

710 

....8-9 

3713 

4-22 

INA101 

....2-7 

OPA103 

.. 1-36 

722 

.. 8-13 

3714 

4-30 

IOS2000 

.. 11-1 

OPA104 

.. 1-40 

724 

.. 8-17 

4023/25 . . . 

5-22 

ISOIOO 

....3-6 

OPA1 05/MIL . 

.. 7-35 

3271/25 

.. 1-50 

4082 

5-24 

LOGIOO 

.. 5-14 

OPA600/MIL . 

.. 7-45 

3291/14 

.. 1-52 

4085 

5-26 

MCS100 

.. 11-2 

OPA605 

.. 1-44 

3292/14 

.. 1-52 

4115/04 ... 

5-32 

MICROMUX.. 

.. 11-2 

PCM 50 

. 6-281 

3293/14 

.. 1-52 

4127 

5-34 

MP10 

. 6-197 

PCM51 

. 6-289 

3329/03 

.. 1-58 

4203 

5-41 

MP11 

. 6-197 

PCM75 

. 6-298 

3354/25 

.. 1-52 

4204 

5-43 

MP20 

. 6-205 

PGA100 

.. 2-15 

3355/25 

.. 1-52 

4205 

5-41 

MP21 

. 6-217 

SDM853 

. 6-308 

3356/25 

.. 1-52 

4206 ...... 

5-49 

MP22BG 

. 6-229 

SDM854 

. 6-314 

3430 

.. 1-60 

4213 

5-55 

MP32BG . . . . . 

. 6-237 

SDM856 

. 6-330 

3431 

.. 1-60 

4213/MIL.. 

7-92 

MP701 

.. 10-2 

SDM857 

. 6-330 

3450 

.. 3-19 

4214 

5-62 

MP702 

..10-2 

SDM858 

. 6-336 

3451 

.. 3-19 

4301 

5-66 

MP710 

.. 10-4 

SHC80 

. 6-342 

3452 

.. 3-19 

4302 

5-68 

MP801 

.. 10-6 

SHC85 

. 6-346 

3455 

.. 3-19 

4340 

5-74 

MP802 

.. 10-6 

SHC298AM. . . 

. 6-350 

3456 

.. 3-26 

4341 

5-78 

MP810 

.. 10-8 

SHM60 

. 6-356 

3500 

.. 1-62 

4423 

5-82 

MP1104 

. 10-10 

TM25 

....9-5 

3500MP 

.. 1-66 

4804 

6-381 
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Building an Unequalled Reputation, Worldwide, 
for Quality, Performance, Reliability 

Data acquisition, signal conditioning, and computer I/O components and 
systems from Burr-Brown are recognized and used worldwide. Over the past 
two decades these products have earned a reputation for superior quality, 
exceptional performance, and consistent reliability - perhaps the best 
reputation for workmanship in our industry. 

Cost effectiveness of our products has been proven in a host of applications: 
in industrial and process control, test instrumentation, aerospace systems, 
environmental monitoring, medical-clinical, and analytical instrumentation. 

We have built our credibility by being totally responsive to our customers’ 
requirements. Knowing the problems encountered in the real world, we 
apply the best, most appropriate, and proven technologies to achieve 
practical solutions. 

Our components have become more complex, more sophisticated as we 
continue to combine and vertically integrate multiplefunctions into smaller, 
space-saving packages. When you select these versatile “mini-systems” 
your design and assembly time is decreased while your products’ per- 
formance and reliability are increased. And today you pay less, perfunction, 
as these microcircuits and subsystems work more efficiently for you. 

At Burr-Brown, quality and reliability are built-in by conservative designs, 
carefully selected components and manufacturing processes, by intensive, 
thorough testing, and stringent quality control. 

Customers also give Burr-Brown high marks for service and support. Our 
technical literature is among the best in the industry and our global 
applications and sales force is factory trained ... highly qualified to help you 
in product selection and use. Wherever in the world you contact us, you can 
be assured of prompt, courteous, efficient service - and superb product 
performance. 



BURR-BROWN 
PRODUCT DATA BOOK 


The Burr-Brown Product Data Book contains detailed product data sheets 
for our broad line of precision components for signal processing, data 
acquisition, and data transmission. In addition, it includes supplementary 
data for these components, such as screening programs available, a list of 
other technical literature that you may order, accessories, and information 
on how to interface with Burr-Brown. 

To acquaint you with the full breadth of the Burr-Brown product line, we also 
include information on the products from our Industrial Systems Division. 
Additional detailed manuals are available for most of these products upon 
request. Contact your local Burr-Brown Sales Office listed inside the back 
cover. 

For your convenience the Data Book is separated into twelve major sections: 
Operational Amplifiers, Instrumentation Amplifiers, Isolation Amplifiers, 
Fiber Optic Data Links, Analog Circuit Functions, Data Conversion and 
Acquisition, Military Products, Modular Power Supplies, Microcomputer I/O 
Systems, Data Entry and Display Terminals, Industrial Systems Products, 
and Accessories. Each page has a margin tab on the outer edge which 
indicates both product type and part number. The tab index on page V 
provides a visual guide to the major sections. 

At the beginning of each product section, you will find explanatory material 
and a selection guide to assist you in selecting the products most suitable for 
your applications. The selection guide also contains page numbers for 
individual product data sheets. 

An index of products in this Data Book, listed in alphanumeric order, isfound 
on the inside of the front cover. A general table of contents appears on page 
IV. 
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INTERFACING WITH BURR-BROWN 


PLACING AN ORDER 

Orders may be placed via mail, telephone, TWX or TELEX with any authorized Burr-Brown field sales 
office, sales representative, or our headquarters in T ucson. Our offices are listed inside the back cover of 
this Data Book. When placing your order, please provide complete information, including model number 
with all option designations, product description or name, quantity desired, and ship-to and bill-to 
addresses. 

TECHNICAL ASSISTANCE 

Burr-Brown has a large and competent field sales force, backed-up by an experienced staff of 
applications specialists. They will be most happy to assist you in selecting the right product for your 
application. This service is available, without charge, from all sales offices and from our headquarters in 
Tucson. 

DATA SHEETS/LITERATURE 

Product data sheets or manuals, similar to those in this Data Book but perhaps containing more recent 
revisions, are available for most of the products listed in this Data Book. Application Notes and other 
supporting literature are also available on request. If you wish a copy of any of these items simply contact 
your nearest Burr-Brown sales office or representative. 

PRICES AND TERMS 

Prices listed in this catalog, unless otherwise noted, apply only to domestic USA customers; all other 
customers should contact their local Burr-Brown representative for price information. 

All prices are FOB Tucson, Arizona, USA, in U.S. dollars. Applicable federal, state, and local taxes are 
extra. Terms are net 30 days. Prices and specifications are subject to change without notice. 

QUOTATIONS 

Price quotations made by Burr-Brown or its authorized field sales representatives are valid for 30 days. 
Delivery quotations are subject to reconfirmation at the time of order placement. 

RETURNS AND WARRANTY SERVICE 

When returning products for any reason, it is necessary to contact Burr-Brown, prior to shipping, for 
authorization and shipping instructions. In the U.S., contact our Tucson headquarters. In other 
countries, contact your nearest Burr-Brown field sales office or representative. Returned units should be 
shipped prepaid and must be accompanied by the original purchase order number and date, and an 
explanation of the malfunction. Upon receipt of the returned unit, Burr-Brown will verify the malfunction 
and will inform you of the warranty status, cost to repair or replace, credits, and status of replacement 
units where applicable. 
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STILL AVAILABLE... 

The following list includes the more popular Burr- 
Brown models that are not listed elsewhere in this 
catalog. We realize that these models are “ designed 
into” a great number of applications. We also realize 
that it is usually not economical for you to re-design 
in order to take advantage of newer products, even 
though they offer lower cost. Consequently, we 


want to assure you of the continuing availability of 
these older models. 

However, we feel obligated to remind you that in 
many cases, these models may not be the best 
choices for your new designs. For your conve- 
nience, we have suggested newer models giving 
similar performance at lower cost. 


Model 

Series 

Nearest 

Equivalent 

Model 

Series 

Nearest 

Equivalent 

Model 

Series 

Nearest 

Equivalent 

Model 

Series 

Nearest 

Equivalent 

ADC40 

ADC80, ADC85 

3016/25 

3329/03 

3421 K 

3523K 

3600K 

3606AG/BG 

DAC12QZ 

DAC80 

3038/25 

358 1J, 3582 J 

3421 L 

3523L 

3601 J 

3606AG/BG 

DAC40 

DAC80 

3307/1 2C 

3522K 

3440J 

3510BM 

3601 K 

3606AG/BG 

SDM850 

SDM853 

3308/1 2C 

3522K 

3440 K 

351 OCM 

3602J 

3606AG/BG 

SDM851 

SDM853 

3341/15C 

3554BM 

3440L 

3510CM 

3602 K 

3606AG/BG 

SHC23 

SHC80 

3342/1 5C 

3554AM 

3460 

3580J 

3622 

3620 

SHM40 

SHC85 

3400 

3554AM 

3503A 

3542J 

3625 

3626 

SHM41 

SHC85 

3401 

3550K 

3503B 

3522J 

4095/15 

4213 

UAF15 

UAF41 

3402 

3550K 

3503R 

3542 S 

4096/15 

4213 

UAF25 

UAF41 

3420J 

3521 J 

3503S 

3522S 

4118/25 

4301 

501 

553 

3420K 

3521 K 

3505J 

3507 J 

4130 

4341 

1538A/25 

3293 

3420L 

3521 L 

3506J 

3508J 

4131 

4341 

1541/25 

3580J 

342 1J 

3523J 

3600J 

3606AG/BG 












HIGH RELIABILITY 
PROGRAMS 


Burr-Brown is committed to providing products of high quality and reliability. This is manifested by designing 
for conservative stress levels, careful selection of components and processes, comprehensive testing 
procedures, thorough quality control practices, and optional programs of military screening. The Burr-Brown 
Q-Progam, described below, is intended as a reliable enhancement of standard Burr-Brown products by 
subjecting them to a defined program of environmental stresses. 

An even more comprehensive reliability program, aimed particularly at the needs of military customers, is the 
/MIL program which includes manufacturing procedures per MIL-M-38510 and screening procedures per 
MIL-STD-883. This program, and the products available under it, are described in section seven of this Data 
Book. 


THE Q-PROGRAM 

The Burr-Brown Q-Program is designed to further enhance the reliability of Burr-Brown microcircuits at a 
reasonable cost. The Q-Program is appropriate for some military and aerospece applications, industrial 
control systems, medical patient monitoring instrumentation, and other applications where failure may be 
expensive or where replacement of parts is difficult and incovenient. The Q-Program consists of the screening 
of standard Burr-Brown microcircuits in accordance with applicable test methods of MIL-STD-883. The 
screening sequences shown below identify the mechanical, electrical, and thermal stresses applied to all 
Q-Products. 


Q-SCREENING SEQUENCE 


STEP 

SCREEN 

PROCEDURE 

Routinely 

INTERNAL VISUAL INSPECTION 

Burr-Brown QC41 18 (copies available on request) 

performed 100% 
on all Burr-Brown 

(precap) 

ELECTRICAL TEST, 100% 

Per appropriate Burr-Brown product data sheet 

products 

(postcap) 

STABILIZATION BAKE 

MIL-STD-883, Method 1008 

© 

TEMPERATURE CYCLING 

MIL-STD-883, Method 1010 

© 

HERMETICITY, GROSS LEAK 

MIL-STD-883, Method 1014 


HERMETICITY, FINE LEAK 

MIL-STD-883, Method 1014 

© 

BURN-IN 

MIL-STD-883, Method 1015 

@ 

CONSTANT ACCELERATION 

MIL-STD-883, Method 2001 

© 

(centrifuge) 

FINAL ELECTRICAL TEST 

Per appropriate Burr-Brown product data sheet 
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Explanation of Screening Steps... 

• INTERNAL VISUAL INSPECTION 

This is a microscopic examination of the product performed prior to capping in order to verify 
conformance to Burr-Brown standards of quality for material, methods of construction, and work- 
manship. Its purpose is to detect and eliminate devices with internal defects which could lead to failures 
under the thermal, mechanical, and electrical stresses of extended operation. 

• 100% ELECTRICAL TEST 

Each product is tested in accordance with the appropriate Burr-Brown product data sheet. These tests 
will normally include static and dynamic tests at +25°C, as well as drift tests over the operating 
temperature range. 

©STABILIZATION BAKE 

In this step the product is stored at an elevated temperature without electrical stress applied. The 
purpose is to stabilize circuit parameters through accelerated aging. 

©TEMPERATURE CYCLING 

The product is alternately exposed to extremes of high and low temperature such as would be 
experienced when parts or equipment are transferred to and from heated shelters in arctic areas. The 
purpose is to check for permanent changes in operating characteristics and physical damage resulting 
principally from variation in dimensions and other physical properties. 

(D0HERMETICITY - GROSS AND FINE LEAK 

The purpose of these two tests is to verify the hermeticity of the seal of integrated circuits having internal 
cavities whichare evacuated or filled with gas. The test is intended to determine those devices which, 
when exposed for long periode to atmosphere containing high concentration of water vapor or other 
gaseous contaminants, would degrade in performance and become latent failures. 

(Dburn-in 

During burn-in the device is subjected to a high temperature for an extended period of time, with power 
applied. Theburn-in screen is performed in ordertoeliminate marginal devices with inherent defects. In 
the absence of burn-in, these defective devices would be expected to result in infant mortality or early 
lifetime failures under use conditions. 

©CONSTANT ACCELERATION 

This test subjects the product to a constant acceleration force in a centrifuge. The purpose is to detect 
and eliminate devices having structural and mechanical weaknesses that could lead to failure when 
subjected to mechanical stresses during application. 

©FINAL ELECTRICAL TEST 

This is a repetition of the 100% electrical test above. Devices which pass this test, after successfully 
passing the above screening test, are qualified as Q-parts. 
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HANDLING PROCEDURES FOR MICROCIRCUITS 

In developing handling procedures for microcircuits it is well to keep in mind that virtually all semiconductor devices 
are vulnerable in some degree to damage from the discharge of electrostatic energy. This is due tp the small 
dimensions involved. It should be noted that electrostatic damage (ESD) to semiconductor devices can cause 
effects ranging from a degradation in performance, to latent failure, or immediate failure, of the device involved. 
We at Burr-Brown are directly concerned with this subject because our products are designed to achieve the highest 
performance and precision. Often, this depends upon a high degree of device matching or precision within the 
microcircuit and any degradation due to ESD is unacceptable. Accordingly, we have developed a set of guidelines 
that will minimize the exposure of our products to possible electrostatic damage during manufacturing and 
handling at Burr-Brown. We strongly recommend that our customers adopt similar procedures throughout their 
handling and utilization of these and other semiconductor products. These guidelines are summarized below: 
GUIDELINES 

1. Eliminate souces of ESD by removing static generating materials from all areas that handle products, by 
grounding all operators, equipment, and work stations where products are handled or stored, and by 
transporting and shipping products in static-free containers. 

2. Shield products from potential damage by using a conductive Faraday shield where practical. 

3. Shunt electrostatic charges and voltage potentials to zero where practical by connecting together all leads of 
each device by means of a conductive material. 

ELIMINATE SOURCES OF ESD 

It is highly desirable to eliminate static-generating materials from close proximity to products. This includes the 
elimination of all plastics, such as wrapping and packing materials, which have not been properly treated to achieve 
antistatic properties. 

Antistatic is a term used to describe insulators which have been treated to reduce their very high surface resistance 
from a value in excess of a million meghoms to a value in the vicinity of one megohm. 

The human body has been electrically characterized as a capacitor ranging from 100 to 200 picofarads and a 
resistance ranging from 500 ohms to several thousand ohms. As in electrical applications, the best way to prevent an 
accumulation of charge, or to drain the accumulation of existing charge on a capacitor, is to short the capacitor 
terminals together: The body is one plate of the capacitor with earth being the other. The only way to effectively 
short this capacitor is to connect the body to earth ground. For reasons of safety, this connection should include 
approximately one megohm of series resistance, or a ground fault interrupter. There should be periodic 
measurement to assure proper continuity all the way from the wrist strap connection to earth ground, and that the 
safety protection is operational. The wrist strap must have continuity to the skin in order to drain off the accumulated 
charge. Work station surfaces should be metallic or conductive plastic and should also be grounded through one 
megohm of series resistance, or have ground fault interrupters. 

Static-free containers are important in storing and transporting product because the product could act as one plate 
of the capacitor and the container the other plate. Thus, it is possible to induce a charge, and therefore create a 
voltage, on the product without ohmic contact. Because of area and spaci ng considerations only unusual situations 
could cause damage, but it is nevertheless a possibility. 

SHIELDING 

In even the most optimum environments, there is always the potential for some accumulation of charge. The most 
positive control is to shield the product from potentially damaging electrostatic fields by use of a highly conductive 
(Faraday) shield. Antistatic enclosures or wrappers are only low enough in resistance to disperse accumulated 
charge. The Faraday shield must be low enough in resistance to completely conduct any electrostatic field around 
the product and prevent any field inside the enclosure. To be totally effective the Faraday shield must completely 
enclose the product. In addition, only antistatic materials may be used inside the container to assure that internal 
charge is not developed. 

SHUNTING 

Shunting is one of the most cost-effective ways to protect products during assembly, testing, packing, unpacking, 
and handling. With a short circuit across sensitive terminals, it is nearly impossible to develop the voltages required 
for damage to occur. The limitation to this occurs when it is possible to induce large voltages internally in complex 
microcircuits. We can only shunt or short the exterior connections. 

OTHER MEASURES 

To help minimize the buildup of electrostatic charge it is desirable to control relative humidity to as high a value as 
practical (50% is recommended). In addition, where it is not possible to ground all surfaces, or where non- 
conducting surfaces cannot be completely eliminated, a good alternative may be the use of ionized air blowers. 
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BURR-BROWN 
TECHNICAL LIBRARY 


The Burr-Brown engineering staff, in cooperation with 
McGraw-Hill have authored the world’s most extensive 
and authoritative library dealing with the art of analog 
signal conditioning, conversion, and computation. These 
books, respected and referenced throughout the 
international engineering community, are available to 
you directly from Burr-Brown. 



FUNCTION CIRCUITS 

Design and Applications 

This new volume in the growing Burr-Brown series is the 
first to deal with the multi-faceted area of analog function 
circuits. FUNCTION CIRCUITS explores in depth both 
the design theory and numerous applications for such 
analog functions as Multipliers, Dividers, Logarithmic 
Amplifiers, Exponentiators, RMS Converters, and 
Active Filters. It also shows clearly how to specify and 
test these functions, which are increasingly becoming 
available in the form of integrated circuits. As in previous 
Burr-Brown books, the emphasis is on practicality while 
maintaining a rigorous treatment of theory. Numerous 
graphs and formulas are presented to allow the user to 
obtain optimum circuit performance (over 300 pages and 
200 illustrations). 


DESIGNING WITH 
OPERATIONAL AMPLIFIERS 

Applications Alternatives 

This latest volume in Burr-Brown’s well-known series on 
Operational Amplifiers presents a wealth of new 
applications and circuit techniques which have evolved 
since publication of the previous two books. The 
applications are presented in a manner that will aid the 
user in developing further circuits. In addition to 
providing completed designs, the applications include 
explanations of circuit operation. Practical limitations 
are discussed and pertinent design equations presented to 
allow adaptation to specific application requirements. 
New applications include amplifier performance 
improvement techniques, signal analyzers, signal 
conditioners, absolute-value circuits, signal generators, 
computing circuits, data transmission circuits, and test 
an measurement circuits (approximately 270 pages and 
200 illustrations). 

OPERATIONAL AMPLIFIERS 

Design and Applications 

Covering basic theory, test methods, amplifier design 
techniques, and applications, this pioneer work provides 
practical information which can be directly applied to 
instrumentation design. 

The book is divided into two principal parts and two 
appendices. Part I considers the design of operational 
amplifiers, offers insight into the factors determining 
performance characteristics, and outlines the techniques 
available for their control. Part II presents a wide range of 
practical operational amplifier applications, and 
provides sufficient descriptions of operation to permit 
design adaption from the specific circuits described. In 
Appendix A the basic theory of operational amplifiers is 
reviewed to provide an accompanying reference. 
Appendix B gives concise definitions of the performance 
parameters used to characterize operational amplifiers, 
and provides associated test circuits (over 470 pages and 
300 illustrations). 
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APPLICATION NOTES.. 


APPLICATIONS OF 
OPERATIONAL AMPLIFIERS 

Third Generation Techniques 

This is the second volume in the operational am- 
plifierseries. More than justa collection of circuitor 
theoretical analysis, the book presents numerous 
applications of operational amplifiers in a variety of 
electronic equipment: specialized amplifiers, signal 
controls, processors, waveform generators, and 
special purpose circuits. It is a storehouse of detailed 
practical information, featuring numerous circuit 
diagrams, circuit values, pertinent design equations, 
error sources, and, test-based comments on the 
efficiency of the arrangements and devices (over 
230 pages and 170 illustrations). 


BURR-BROWN UPDATE 

The Burr-Brown Update is published several times 
per year to keep our customers informed about new 
product developments, literature, and applications. 
If you would like to receive this publication on a 
regular basis, please contact your nearest Burr- 
Brown sales office or representative and ask to be 
put on our Update mailing list. 


Burr-Brown engineers have compiled a library of 
Applications Notes to assist you in your designs. 
These notes are listed below and are available on 
request. 

AN-58 “D/A Converter Differential Linearity Error - 
It Really Shows Up!” 

AN-59 “Don’t Forget D/A Converter Tempco!” 

AN-60 “Protect Op Amps from Overloads” 

AN-62 “Varying Comparator Hysteresis w/o Shifting 
Initial Trip Point” 

AN-63 “Electronic Controller With An Equilibrium 
Sustaining Mode” 

AN-64 “Combine Two Op Amps to Avoid the Speed 
Accuracy Compromise” 

AN-68 “Using Op Amps in Low Noise Applications” 

AN-70 “Analog Shaping” 

AN-74 “Design of A Unique Precision Controlled Current 
Source” 

AN-75 “Instrumentation Amplifiers” 

AN-79 “Principles of Data Acquisition and Conversion” 
AN-80 “Remote Multiplexing” 

AN-83 “How to Determine What Heat Sink to Use” 

AN-84 “Intrinsically Safe Data Acquisition” 

AN-86 “Squeeze High Performance Out of Low Cost 
Hybrid Data Converters” 

AN-87 “Analog I/O for Microprocessors Made Easy” 

AN-88 “Software Conversion of Analog Outputs to 
Analog Inputs” 

AN-89 “What Designers Should Know About Data 
Converter Drift” 

AN-90 “ Differential Optical Coupler Hits New High in 

Linearity, Stability” 

AN-91 “Getting Transducers to Talk to Digital Computers” 

AN-93 “Design and Application of T ransformer-coupled 
Hybrid Isolation Amplifier Model 3656” 

AN-94 “Programmable Handheld Calculator Computes 
Digital-to-Analog Converter Errors” 

AN-95 “Using the MP8418 Microcomputer Analog 
I/O System” 

AN-96 “Isolated Digital Input/Output Microcomputer 
Peripherals Solve Industrial Problems” 

AN-97 “Mixed Data Link Extends Length, Reduces Cost” 

AN-98 “Analog IC’s Divided Accuracy to Conquer 
Computation Problems” 

AN-99 “Static and DynamicTesting of Digital-to-Analog 
Converters” 

AN-100 "Testing of Analog-to-Digital Converters” 

AN-101 “Correcting Errors Digitally in Data Acquisition 
and Control” 

AN-102 “To Sidestep Track/Hold Pitfalls, Recognize 
Subtle Design Errors” 

AN-103 “Instrumentation Amplifiers Sift Signals 
from Noise.” 

AN-1 05 “Advantages of ECL for High Speed, High Accuracy, 
D/A Conversion” 

AN-106 “Diode-Connected FET Protects Op Amps.” 

AN-107 “Properly Designed Log Amplifiers Process 
Bipolar Input Signals” 
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OPERATIONAL AMPLIFIERS 



Burr-Brown operational amplifiers are listed in eight applications groups 
and are described below. This enables the user to determine and select the 
best operational amplifier available for a design requirement. Instrumen- 
tation amplifiers and isolation amplifiers are described in sections 2 and 3 
respectively 

General Purpose - General purpose operational amplifiers are suited fora 
wide variety of applications. They give moderately good performance over a 
wide range of parameters at moderate cost. This applications group contains 
both FET and bipolar input models with frequency responses from 0.5mHz to 
1.5MHz and' offset voltages as low as ImV. 

Low Drift - Low Drift operational amplifiers are best suited for applications 
where accuracy must be preserved over a substantial temperature range. 
These amplifiers are optimized to minimize the initial input offset voltageand 
input offset voltage change with temperature. Input offset drifts from 
0.1 /zV/°C to 10juV/°C are available within this group. Chopper-stabilized 
operational amplifiers represent the best available in overall accuracy and 
long term stability. 

Low Bias Current - Low bias currentoperational amplifiers consist of a group 
of varactor diode and FET input designs. This group includes amplifiers with 
input bias currents from 0.01 pA to InA. Applications with large feedback 
resistances or large source resistances (long time constants, integrators, 
current sources, etc.) and buffer applications will benefit by the use of low 
bias current amplifiers. 
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Low Noise -This group contains low noise FET input operational amplifiers. 
Burr-Brown units offer guaranteed noise spectral density, 100% tested. In 
applications like low noise signal conditioning, light measurements, radia- 
tion measurements, photodiode circuits or low noise data acquisition the 
fully characterized and tested voltage noise performance of these units 
allows the designer to truly bound noise errors. 

Wideband - Wideband operational amplifiers have bandwidths greater than 
10MHz. This group also contains fast settling and high slew rate amplifiers. 
These amplifiers reduce phase errors at high frequencies and accurately 
reproduce complex waveforms. These amplifiers are well suited for pulse, 
video, fast settling, and multiplexing applications. 

High Voltage - The amplifiers in this group are designed to provide large 
output voltage swings and to operate on wide ranges of supply voltage. 
Output voltages greater than ±10V and up to ±145V are available in this 
applications group (up to 290V, single supply). These amplifiers provide 
good frequency response and performance in other parameters. Most 
models have electrically isolated packages and automatic thermal sensing 
and shutdown. All units have FET inputs to minimize bias current errors 
when the amplifier is used with the large resistances usually found with high 
voltage amplifiers. 

High Current -These amplifiers provide output currents from ±1 0mA to ±2A 
(±5 A peak). They are used with small load resistances, coax cable imped- 
ances, and with power booster applications. Many units have self-contained 
thermal sensing and shutdown to automatically protect the amplifiers from 
overheating and damage. All of these units have electrically isolated 
packages. 

Unity-Gain Buffer (Power Booster) - Unity-gain buffer amplifiers have a wide 
variety of applications. They are used to boost the output current capability 
of another amplifier, to buffer an impedance that might load a critical circuit 
or to be an input impedance converter from an input which must not be 
loaded. These amplifiers may also be used inside the feedback loop of 
another operational amplifier to form a current-boosted, composite amplifier. 
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SELECTION GUIDE 
Operational Amplifiers 

GENERAL PURPOSE parameters. These are good options when a special 

function op amp is not required. Models 3500 and 
These moderately priced FET and bipolar op amps OPA103 are particularly worth consideration in 
offer good performance over a wide range of general purpose designs. 

These give moderately good performance over a wide range of parameters. 


GENERAL PURPOSE 




Offset Voltage 

Bias 

Open 



Rated 








at 25° C 

Temp Drift 

Current 

Loop 

Frequency Response 

Output 








±mV 

±mV/° C 

nA ( 25°C i 

Gain 

Unity Gain 

Slew Rate 

±V 

±mA 

Temp 


Price ($i 


Description 

ModelO) 

max 

max 

max 

dB, min 

MHz 

V/jusec 

min 

min 

Ranged) 

Package 

Unit 

100’s 

Page 

Bipolar 

3500A 

5 

20 

±30 

93 

1.5 

0.6 

10 

10 

Ind 

TO-99 

9.60 

5.95 

1-62 


3500B 

2 

5 

±20 

93 

1.5 

0.8 

10 

10 

Ind 

TO-99 

17.25 

10.65 

1-62 


3500C 

1 

3 

±15 

93 

1.5 

1.0 

10 

10 

Ind 

TO-99 

22.00 

13.90 

1-62 


3500R, (Qi 

5 

20 

±30 

93 

1.5 

0.6 

10 

10 

Ind 

TO-99 

20.50 

12.20 

1-62 


3500S, (Qi 

2 

10 

±20 

93 

1.5 

0.8 

10 

10 

Mil 

TO-99 

33.00 

21.20 

1-62 


3500T, (Qi 

1 

5 

±15 

93 

1.5 

1.0 

10 

10 

Mil 

TO-99 

53.25 

33.60 

1-62 

Military 

3500/MIL 





See Military Products 









Series 














Bipolar 

3501 A, (Qi 

5 

20 

±15 

93 

0.5 

0.1 

10 

5 

Ind 

TO-99 

5.50 

3.50 

1-71 


3501 B, (Qi 

2 

10 

±7 

93 

0.5 

0.1 

10 

5 

Ind 

TO-99 

11.85 

7.75 

1-71 


3501 C, (Qi 

2 

5 

±3 

93 

0.5 

0.1 

10 

5 

Ind 

TO-99 

15.45 

10.85 

1-71 


3501 R 

5 

20 

±15 

93 

0.5 

0.1 

10 

5 

Mil 

TO-99 

17.00 

11.35 

1-71 


3501 S 

2 

10 

±7 

93 

0.5 

0.1 

10 

5 

Mil 

TO-99 

24.75 

16.50 

1-71 

FET 

OPA103AM 

0.50 

25 

-0.002 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

10.20 

6.50 

1-36 


OPA103BM 

0.50 

15 

-0.001 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

13.80 

8.60 

1-36 


OPA103CM 

0.25 

5 

-0.001 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

18.05 

11.20 

1-36 


OPA103DM 

0.25 

2 

-0.001 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

29.85 

18.50 

1-36 


3527AM 

0.50 

10 

-0.005 

100 

1.0 

0.6 

10 

10 

Ind 

TO-99 

15.05 

10.15 

1-99 


3527 BM 

0.25 

5 

-0.002 

100 

1.0 

0.6 

10 

10 1 

Ind 

TO-99 

20.15 

13.65 

1-99 


3527CM 

0.25 

2 

-0.005 

100 

1.0 

0.6 

10 

10 i 

Ind 

TO-99 

33.15 

23.30 

1-99 


3542 J, (Qi 

20 

50 

-0.025 

88 

1.0 

0.5 

10 

10 

Com 

TO-99 

9.75 

6.50 

1-109 


3542S, (Qi 

20 

50 

-0.025 

88 

1.0 

0.5 

10 

10 

Mil 

TO-99 | 

15.80 

12.65 

1-109 

Wide 

^ OPA11HT 

5 

5(3) 

±25 

94 

12.0 

7.0 

10 

15 

j-55°C to 

TO-99 

49.00 

39.20 

1-8 

Temp 

OPA12HT 

10 

30(3) 

+250 

77 

20, A = 10(4) 

120 

10 

10 

|+200°C(5) TO-99 

59.00 

47.20 

1-12 

Range 








1 








NOTES: 1 ) “(Q)” indicates product also available with screening for increased reliability. 2 ) Com =0 to +70° C; Ind = -25°Cto+85°C; Mil = 
3) Typical. 4) Gain-bandwidth product. 5) OPA12HT: -55°C to +175°C. 


-55°Cto+125°C. 


LOW NOISE 

We now solve another designer’s dilemma with this 
group of low noise FET op amps offering guaranteed 
noise spectral density, 100% tested. Until now the 
designer of low noise circuits had to rely on “typical” 
specifications for his FET amplifier designs. In 


applications for low noise signal conditioning, light 
measurements, radiation measurements, photo- 
diode circuits, low noise data acquisition, etc., the 
fully characterized and tested voltage noise per- 
formance of the OPA101 or OPA102 allows the 
designer to truly bound noise errors. 


| LOW NOISE 

Description 

Model 

Noise 
Voltage 
nV/^Flz 
at 10kHz 

max 

Bias 
Current 
at 25° C 

max 

Offset Voltage 

Open 

Loop 

Gain 

dB 

min 

Frequency(2) 

Response 

Rated 

Output 

Temp 

RangeO) 

Package 

Price ($) 

Page 

A-BW 

MHz 

Slew 

Rate 

V//Ltsec 

min 

at25°C 

±mV 

max 

Temp Drift 

± M v/°c 

max 

±V 

min 

±mA 

min 

Unit 

100’s 

> 

o 

V 

< 

OPA101 AM 

8 

-15pA 

±0.5 

±10 

94 

20 

5 

12 

12 

Ind 

TO-99 

32.20 

23.00 

1-24 


OPA101BM 

8 

-lOpA 

±0.25 

±5 

94 

20 

5 

12 

12 

Ind 

TO-99 

40.25 

28.75 

1-24 

> 

o 

V 

< 

OPA102AM 

8 

-15pA 

±0.5 

±10 

94 

40 

10 

12 

12 

Ind 

TO-99 

32.20 

23.00 

1-24 


OPA102BM 

8 

-lOpA 

±0.25 

±5 

94 

40 

10 

12 

12 

Ind 

TO-99 

40.25 

28.75 

1-24 

Low 

OP A27/37A 

3,8 

±40nA 

0.025 

0.6 

120 

8, 40 

2.8, 17 

12 

6 

Mil 

(3) 

(4) 
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Noise(2) 

OPA27/37E 

3,8 

±40nA 

0.025 

0.6 

120 

8, 40 

2.8, 17 

12 

6 

Ind 

(3) 

(4) 
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OPA27/37B 

3,8 

±55nA 

0.06 

1.3 

120 

8, 40 

2.8, 17 

12 

6 

Mil 

(3) 

(4) 
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OPA27/37F 

3,8 

±55nA 

0.06 

1.3 

120 

8, 40 

2.8, 17 

12 

6 

Ind 

(3) 

(4) 
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OPA27/37C 

4,5 

±80nA 

0.1 

1.8 

117 

8,40 

2.8, 17 

11, 5 

5,7 

Mil 

(3) 

(4) 


1-16 


OPA27/37G 

4, 5 

±80nA 

0.1 

1.8 

117 

8, 40 

2.8, 17 

11, 5 

Lii 

Ind 

(3) 

(4) 
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t FET Input NOTES: 1 ) Com = 0 to + 70°C; Ind = -25°C to +85°C; Mil = -55°C to +1 25°C. 2 1 OPA27 more heavily frequency compensated than OPA37. 3 ) Both OPA27 
and OPA37 are available in TO-99 and 8-pin Hermetic DIP. 4) Advance information subject to change, contact Burr-Brown for price and availability. 
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LOW BIAS CURRENT 

This group includes amplifiers with input bias 
currents from 0.01 pA to InA. Applications with 
large feedback resistances or large source resis- 
tances (long time constants, integrators, current 
sources, etc.) and buffer applications will benefit by 
the use of low bias current amplifiers. Our many 
years of experience in designing, manufacturing, 


and testing FET amplifiers gives us unique abilities 
in providing low and ultra-low bias current op amps. 
Models OPA103 and OPA104 are noteworthy as 
they offer bias currents as low as 75fA (75 x 10' 15 
amps) and offset voltage drift as low as 2juV/°C. 
With offset voltage laser-trimmed to as low as 
250juV, the need for expensive trim pot adjustment is 
eliminated. 


0.01 pA to InA bias current. LOW BIAS CURRENT 


Description 

Model! i) 

Offset Voltage 

Bias 
Current 
pA (25°C) 
max 

Open 
Loop 
Gain 
dB, min 

Frequency 

Response 

Rated 

Output 

Temp 
Range( 2) 

Package 

Price 

( $, 

Page 

at 25° C 
±mV 

max 

Temp Drift 

± M v/°c 

max 

Unity Gain 
MHz 

Slew Rate 
V//usec 

±V 

min 

±mA 
min • 

Unit 

100's 

Low Drift 

OPA103AM 

0.50 

25 

-2 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

10.20 

6.50 

1-36 


OPA103BM 

0.50 

15 

-1 

106 


1.3 

10 

5 

Ind 

TO-99 

13.80 

8.60 

•1-36 


OPA103CM 

0.25 

5 

-1 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

18.05 

11.20 

1-36 


OPA103DM 

0.25 

2 

-1 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

29.85 

18.50 

1-36 

tLow Noise 

OPA101AM 

0.50 

10 

-15 

94 

10 

6.5 

12 

12 

Ind 

TO-99 

32.20 

23.00 

1-24 


OPA101BM 

0.25 

5 

-10 

94 

10 

6.5 

12 

12 

Ind 

TO-99 

40.25 

28.75 

1-24 


OPA102AM 

0.50 

10 

-15 

94 

40(3) 

14 

12 

12 

Ind 

TO-99 

32.20 

23.00 

1-24 


OPA102BM 

0.25 

5 

-10 

94 

40(3) 

14 

12 

12 

Ind 

TO-99 

40.25 

28.75 

1-24 

Ultra-Low 

OPA104AM 

1.0 

25 

-0.300 

106 

1 

2.2 

10 

5 

Ind 

TO-99 

17.00 

9.90 

1-40 

Bias 

OPA104BM 

0.50 

15 

-0.150 

106 

1 

2.2 

10 

5 

Ind 

TO-99 

23.00 

14.00 

1-40 

Current 

OPA104CM 

0.50 

10 

-0.075 

106 

1 

2.2 

10 

5 

Ind 

TO-99 

29.50 

19.00 

1-40 


3528AM, (Q) 

0.50 

15 

-0.300 

88 

0.7 

0.3 

10 

5 

Ind 

TO-99 

18.60 

12.10 

1-103 


3528BM, (Q) 

0.25 

5 

-0.150 

92 

0.7 

0.3 

10 

5 

Ind 

TO-99 

22.95 

16.35 

1-103 


3528CM, (Q) 

0.50 

10 

-0.075 

90 

0.7 

0.3 

10 

5 

Ind 

TO-99 

29.35 

21.25 

1-103 


3523 J, (Q) 

1.0 

50 

-0.50 

100 

1 

0.6 

10 

10 

Com 

TO-99 

31.75 

20.60 

1-95 


3523K 

0.50 

25 

-0.25 

100 

1 

0.6 

10 

10 

Com 

TO-99 

39.70 

27.55 

1-95 


3523L, (Q) 

0.50 

25 

-0.10 

100 

1 

0.6 

10 

10 

Com 

TO-99 

47,60 

31.80 

1-95 

Inverting 

3430J 

Adj. to 0 

30 

±0.01 

100 

2kHz 

0.4V/msec 

10 

5 

Com 

Module 

81.95 

55.00 

1-60 

Only 

3430K 

Adj. to 0 

10 

±0.01 

100 

2kHz 

0.4V/msec 

10 

5 

Com 

Module 

104.00 

(5) 

1-60 

Noninverting 

3431 J V 

Adj. to 0 

30 

±0.01 

100 

2kHz 

0.4V/msec 

10 

5 

Com 

Module 

81.95 

55.00 

1-60 

Only 

3431 K 

Adj. to 0 

10 

±p.01 

100 

2kHz 

0.4V/msec 

10 

5 

Com 

Module 

104.00 

(5) 

1-60 

tLow Cost 

3542J 

20 

50 

-25 

88 

1 

0.5 

10 

10 

Com 

TO-99 

9.75 

6.50 

1-109 


3542S 

20 

50 

-25 

88 

1 

0.5 

10 

10 

Mil 

TO-99 

15.80 

12.65 

1-109 

Chopper- 

3291/14 

0.02 

0.1 

±50 

140 

3 

6 

10 

5 

Ind 

Module 

109.00 

77.50 

1-52 

Stabilized 

3292/14 

0.05 

0.3 

±50 

140 

3 

6 

10 

5 

Ind 

Module 

80.60 

56.10 

1-52 


3293/14 

0.10 

1 

±100 

140 

3 

6 

10 

5 

Ind 

Module 

70.35 

46.00 

1-52 


3271/25 

0.05 

1 

±80 

140 

1 

20 

110 

20 

Ind 

Module 

244.00 

172.50 

1-50 

tWideband 

OPA605H/A 

1.0 

25 

-35 

80 

20 

94 

10 

30 

Com/lnd 

DIP 

49.00 

34.50 

1-44 


OPA605J/B 

0.5 

10 

-35 

80 

20 

94 

10 

30 

Com/lnd 

DIP 

58.00 

41.00 

1-44 


OPA605K/C 

0.5 

5 

-35 

80 

20 

94 

10 

30 

Com/lnd 

DIP 

73.00 

51.00 

1-44 


3554AM, (Q) 

2 

50 

-50 

100 

1000(3) 

1000 

10 

100 

Ind 

TO-3 

73.20 

47.70 

1-125 


3554BM, (Q) 

1 

15 

-50 

100 

1000(3) 

1000 

10 

100 

Ind 

TO-3 

83.80 

56.15 

1-125 


3554CM, |Q) 

1 

25 

-50 

100 

1000(3) 

1000 

10 

100 

Mil 

TO-3 

97.60 

66.30 

1-125 

t Buffer 

3553AM, ( Q) 

50 

300 

-200 

NA 

300(4) 

2000 

10 

200 

Ind 

TO-3 

36.00 

22.45 

1-123 

jHigh 

3571AM, iQ» 

2 

40 

-100 

94 

0.5 

3 

30 

1 A 

Ind 

TO-3 

72.45 

48.00 

1-133 

Current 

3572AM 

2 

40 

-100 

94 

0.5 

3 

30 

2A 

Ind 

TO-3 

83.00 

54.50 

1-133 

tHigh 

3580J 

10 

30 

-50 

86 

5 

15 

30 

60 

Com 

TO-3 

62.00 

41.00 

1-143 

Voltage 

3581 J 

3 

25 

-20 

94 

5 

20 

70 

30 

Com 

TO-3 

93.45 

61.00 

1-143 


3582 J, (Q) 

3 

25 

-20 

100 

5 

20 

145 

15 

Com 

TO-3 

101.50 

71.00 

1-143 


3583AM, (Qi 

3 

25 

-20 

105 

5 

30 

140 

75 

Ind 

TO-3 

111.20 

79.00 

1-147 


3583 JM 

3 

25 

-20 

94 

5 

30 

140 

75 

Com 

TO-3 

105.60 

74.00 

1-147 


3584 JM, (Qi 

3 

25 

-20 

100 

20(3) 

150 

145 

15 

Com 

TO-3 

107.00 

79.00 

1-147 

General 

3522J 

1.0 

50 

-10 

94 

1 

0.6 

10 

i 

10 

Com 

TO-99 

17.00 

11.20 

1-89 

Purpose 

3522K 

0.50 

10 

-5 

94 

1 

0.6 

10 

10 

Com 

TO-99 

22.40 

15.25 

1-89 


3522L 

0.50 

25 

-1 

94 

1 

0.6 

10 

10 

Com 

TO-99 

32.75 

21.10 

1-89 


3522S, (Q) 

0.50 

25 

-5 

94 

1 • 1 

. 

0.6 

10 

10 

Mil 

TO-99 

46.30 

29.85 

1-89 

Ultra-Low 

3527AM, (Q) 

0.50 

10 

-5 

100 

1 

0.6 

10 

10 

Ind 

TO-99 

15.05 

10.15 

1-99 

Drift 

3527BM, (Q) 

0.25 

5 

-2 

100 

1 

0.6 

10 

10 

Ind 

TO-99 

20.15 

13.65 

1-99 


3527CM, (Q) 

0.25 

2 

-5 

100 

1 

0.6 

10 

10 

Ind 

TO-99 

33.15 

23.30 

1-99 


3521 H 

0.50 

10 

-20 

94 

1.5 

0.6 

10 

10 

Com 

TO-99 

22.80 

14.90 

1-89 


3521 J, (Q) 

0.25 

5 

-20 

94 

1.5 

0.6 

10 

10 . 

Com 

TO-99 

32.65 

20.25 

1-89 


3521 K 

0.25 

2 

-15 

94 

1.5 

0.6 

10 

10 

Com 

TO-99 

48.95 

32.65 

1-89 


3521 L 

0.25 

1 

-10 

94 

1.5 

0.6 

10 

10 

Com 

TO-99 

72.40 

47.00 

1-89 


3521 R, (Q) 

0.25 

5 

-20 

94 

1.5 

0.6 

10 

10 

Mil 

TO-99 

84.25 

55.70 

1-89 


fFET Input ‘Varactor Input 

NOTES: 1 ) “( Q )” indicates product also available with screening for increased reliability. 2 ) Com =0 to +70°C; Ind = -25°C to +85°C; Mil = -55°C to+125°C. 
3) Gain-bandwidth product. 4) -3dB bandwidth. 5) Contact factory. 
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HIGH VOLTAGE - HIGH CURRENT currents greater than ±10mA to ±5A peak. All high 

The high voltage amplifiers are designed to provide voltage units have FET inputs to minimize bias 

large output voltage swings (greater than ±10V, up current errors while many high current units have 

to ±1 45V) and to operate on wide ranges of supply self-contained thermal sensing and shutdown to 

voltage. The high current amplifiers provide output automatically protect the amplifiers from over heat- 


Output voltages > ±10V to ±145V. 


Description 

FET 


HIGH VOLTAGE 


ModelU) 

Rated 

Output 

Offset Voltage 
at 25°C|Temp Drift 

Bias 

Current 

Frequency Response 

Open 

Loop 

Temp 

Package 

Price 

±V 

±mA 

±mV 

± M v/°c 

pA ( 25°C i 

Unity-Gain Slew Rate 

Gain 

min 

min 

max 

max 

max 

MHz V//usec 

dB 

Range(2) 

Unit 

3584JM, iQ 

145 

15 

3 

25 

-20 

200) 150 

120 

Com 

TO-3 

94.50 

3583AM, iQ. 

140 

75 

3 

25 

-20 

5 30 

118 

Ind 

TO-3 

100.00 

3583 JM 

140 

75 

3 

25 

-20 

5 30 

118 

Com 

TO-3 

95.00 

3582J 

145 

15 

3 

25 

-20 

5 20 

118 

Com 

TO-3 

101.50 

3581 J 

70 

30 

3 

25 

-20 

5 20 

112 

Com 

TO-3 

93.45 

3580J 

30 

60 

10 

30 

-50 

5 15 

106 

Com 

TO-3 

62.00 

3571AM, iQ 

30 

1A(4) 

2 

40 

-100 

0.5 3 

94 

Ind 

TO-3 

72.45 

3572AM 

30 

2A(5) 

2 

40 

-100 

0.5 3 

94 

Ind 

TO-3 

83.00 

3573AM 

20 

2A(5> 

10 

65 

40nA 

1 2.6 

94 

Ind 

TO-3 

36.00 

3271/25 

110 

20 

0.05 1 1 

±80 

1 20 

140 

Ind 

Module 

244.00 



Output currents > ±15mA to ±2A 

High Power 3573AM 20 

3572AM 30 


3583AM 
3583JM 
3582J 
358 tJ 
3580J 


HIGH CURRENT 


20 

2A<5) 

10 

65 

40 n A 

1 

2.6 

94 

Ind 1 

TO-3 

36.00 

25.00 

1-139 

30 

2A(5) 

2 

40 

-100 ■ 

0.5 

3 

94 

Ind 

TO-3 

83.00 

54.50 

1-133 

30 

1AU) 

2 

40 

-100 

0.5 

3 

94 

Ind 

TO-3 

72.45 

48.00 

1-133 

10 

100 

2 

50 

-50 

1700(3) 

1200 

100 

Ind 

TO-3 

73.20 

47.70 

1-125 

10 

100 

1 

15 

-50 

1700(3) 

1200 

100 

Ind 

TO-3 

83.80 

56.15 

1-125 

10 

100 

1 

25 

-50 

1700(3) 

1200 

100 

Mil 

TO-3 

97.60 

. 

66.30 

1-125 

145 

15 

3 

25 

-20 

20(3) 

150 

126 

Com 

TO-3 

94.50 

65.50 

1-151 

140 

75 

3 

25 

-20 

5 

30 

118 

Ind 

TO-3 

100.00 

70.00 

1-147 

140 

75 

3 

25 

-20 

5 

30 

118 

Com 

TO-3 

95.00 

65.00 

1-147 

145 

15 

3 

25 

-20 

5 

20 

118 

Com 

TO-3 

101.50 

71.00 

1-143 

70 

30 

3 

25 

-20 

5 

20 

112 

Com 

TO-3 

93.45 

61.00 

1-143 

30 

60 

10 

30 

-50 

5 

15 

106 

Com 

TO-3 

62.00 

41.00 

1-143 

10 

200 

50 

300(6) 

-200 

300 

2000 

NA 

Ind 

TO-3 

36.00 

22.45 


10 

100 

50 

- 

Bipolar 

5 


NA 

Ind 

DIP 

36.75 

22.95 



NOTES: 1 ) "(Q)” indicates product also available with screening for increased reliability. 2) Com = 0 to +70° C; lnd = -25°C to +85° C; Mil = -55°Cto+125°C. 
3) Gain-bandwidth product. 4) 2A peak. 5) 5A peak. 6) Typical. 


WIDE BANDWIDTH 

Wideband operational amplifiers have gain band- 
widths (A BW) greater than 10MHz. Thisgroupalso 
contains fast settling and high slew rate amplifiers. 
For pulse, video, fast settling and multiplexing 


applications, select from this group of amplifiers. 
Note Models 3554 and OPA605 which provide an 
excellent combination of wide bandwidth, settling 
time, and output current all at moderate cost. 




Frequency Response 



Rated 

Offset Voltage 

Open 









Slew Rate 

ts 

Com- 

Output 

at 25° C 

Temp Drift 

Loop 








A-BW 

V/Msec 

±0.1% 

pensa- 

±v 

±mA 

±mV 

±mV/°C 

Gain 

Temp 


Price 

($) 


Description 

ModelU) 

MHz 

min 

nsec 

tion 

min 

min 

max 

max 

dB 

Ranged) 

Package 

Unit 

100’s 

Page 

Differential 

3554AM, (Q) 

1700, A = 1000 

1000 

120 

ext. 

10 

100 

2 

50 

100 

Ind 

TO-3 

73.20 

47.70 

1-125 


3554BM, (Q) 

1700, A = 1000 

1000 

120 

ext. 

10 

100 

1 

15 

100 

Ind 

TO-3 

83.80 

56.15 

1-125 


3554SM, (Q) 

1700, A = 1000 

1000 

120 

ext. 

10 

100 

1 

25 

100 

Mil 

TO-3 

97.60 

66.30 

1-125 


3551 J 

50, A = 10 

2500) 

400 

ext. 

10 

10 

1 

50 

100 

Com 

TO-99 

31.80 

21.45 

1-117 


3551 S, (Q) 

50, A = 10 

250(3) 

400 

ext. 

10 

10 

1 

50 

100 

Mil 

TO-99 

56.15 

35.70 

1-117 


3550J 

10, A = 1 

65 

400 

int. 

10 

10 

1 

50 

100 

Com 

TO-99 

31.20 

21.45 

1-113 


3550K 

20, A = 1 

100 

400 

int. 

10 

10 

1 

50 

100 

Com 

TO-99 

39.75 

25.50 

1-113 


3550S, (Q) 

10, A = 1 

65 

400 

int. 

10 

10 

1 

50 

100 

Mil 

TO-99 

57.80 

35.70 

1-113 


3508J 

100, A = 100 

20 

- 

ext. 

10 

10 

5 

30(3) 

103 

Com 

TO-99 

10.25 

7.50 

1-79 


3507 J, (Q) 

20, A = 10 

80 

200 

ext. 

10 

10 

10 

30(3) 

83 

Com 

TO-99 

12.50 

8.90 

1-75 


OPA605H/A 

200, A = 1000 

300(3) 

300 

ext. 

10 

30 

1 

25 

96 

Com/lnd 

DIP 

49.00 

34.50 

1-44 


OPA605J/B 

200, A = 1000 

300(3) 

300 

ext. 

10 

30 

0.5 

10 

96 

Com/lnd 

DIP 

58.00 

41.00 

1-44 


OPA605K/C 

200, A = 1000 

300(3) 

300 

ext. 

10 

30 

0.5 

5 

96 

Com/lnd 

DIP 

73.00 

51.00 

1-44 

Low Noise 

OPA101 AM 

20, A = 100 

5 

2.5 

int. 

12 

12 

0.5 

10 

105 

Ind 

TO-99 

32.20 

23.00 

1-24 


OPA101BM 

20, A = 100 

5 

2.5 

int. 

12 

12 

0.25 

5 

105 

Ind 

TO-99 

40.25 

28.75 

1-24 


OPA 102 AM 

40, A = 100 

10 

15 

int. 

12 

12 

0.5 

10 

105 

Ind 

TO-99 

32.20 

23.00 

1-24 


OPA102BM 

40. A = 100 

10 

1.5 

int. 

12 

12 

0.25 

5 

105 

Ind 

TO-99 

40.25 

28.75 

1-24 

Military 

OPA600/MIL 




See Military Products 









Series 















Unity-Gain 

Buffer 

3553AM, (Q) 

32(4) 

2000 


-- 

10 

200 

50 

300(3) 

NA 

Ind 

TO-3 

36.00 

22.45 

1-121 

Wide 

OPA12HT 

20, A = 10 

80 

200 

ext. 

10 

10 

10 

30(3) 

83 

1-55° C to 

TO-99 

59.00 

47.20 

1-12 

Temp 

OPA11HT 

12, A= 1 

4 

1500 

int. 

10 

15 

5 

5(3) 

98 

( +200°C(5) TO-99 

49.00 

39.20 

1-8 

Range 



. 
















NOTES: 1 ) “(Q)” indicates product also available with screening for increased reliability. 2) Com — Oto +70° C; Ind — -25° C to +85° C; Mil = -55°Cto+125°C. 
3) Typical. 4) Full power bandwidth. 5) OPA12HT: -55°C to +175°C. 
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LOW DRIFT 

For applications where accuracy must be preserved 
over a substantial temperature range, select oper- 
ational amplifiers from this group of low drift 
operational amplifier. Sophisticated drift compen- 
sation techniques help provide low offset voltage 


drift versus temperature, in both the FET and the 
Bipolar input type operational amplifiers. Input 
offset drifts from 0.1/uV/°C to 10/zV/°C are available 
within this group. Models 3510 and OPA103 are 
particularly recommended because of their excellent 
specifications and low cost. 


0.1mV/°C to 10 mV/°C input offset voltage change with temperature. 


LOW DRIFT | 



Offset Voltage 

Bias 

Open 



Rated 








at 25°C 

Temp Drift 

Current 

Loop 

Frequency Response 

Output 








±mV 

± M V/°C 

nA i25°C> 

Gain 

Unity Gain 

Slew Rate 

±V 

±mA 

Temp 


Price ($) 


Description 

Model! 1 ) 

max 

max 

max 

dB, min 

MHz 

V/usec 

min 

min 

Ranged) 

Package 

Unit 

100’s 

Page 

‘Inverting 

3291/14 

0.02 

0.10 

±0.05 

140 

3 

6 

10 

5 

Ind 

Module 

109.00 

77.50 

1-52 

Only 

3292/14 

0.05 

0.30 

±0.05 

140 

3 

6 

10 

5 

Ind 

Module 

80.60 

56.10 

1-52 


3293/14 

0.10 

1.0 

±0.10 

140 

3 

6 

10 

5 

Ind 

Module 

70.35 

46.00 

1-52 

FET 

OPA103AM 

0.50 

25 

-0.002 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

10.20 

6.50 

1-36 


OPA103BM 

0.50 

15 

-0.001 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

13.80 

8.60 

1-36 


OPA103CM 

. 0.25 

5 

-0.001 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

18.05 

11.20 

1-36 


OPA103DM 

0.25 

2 

-0.001 

106 

1 

1.3 

10 

5 

Ind 

TO-99 

29.85 

18.50 

1-J. 


3521 H 

0.50 

10 

-0.02 

94 

1.5 

0.6 

10 

10 

Com 

TO-99 

22.80 

14.95 

1-89 


3521 J 

0.25 

5 

-0.02 

94 

1.5 

0.6 

10 

10 

Com 

TO-99 

32.65 

20.25 

1-89 


3521 K 

0.25 

2 

-0.015 

94 

1.5 

0.6 

10 

10 

Com 

TO-99 

48.95 

32.65 

1-89 


3521 L 

0.25 

1 

-0.01 

94 

1.5 

0.6 

10 

10 

Com 

TO-99 

72.40 

47.00 

1-89 


3521 R 

0.25 

5 

-0.02 

94 

1.5 

0.6 

10 

10 

Mil 

TO-99 

84.25 

55.70 

1-89 


3527AM, (Q) 

0.50 

10 

-0.005 

100 

1 

0.6 

10 

10 

Ind 

TO-99 

15.05 

10.15 

1-99 


3527BM, (Q) 

0.25 

5 

-0.002 

100 

1 

0.6 

10 

10 

Ind 

TO-99 

20.15 

13.65 

1-99 


3527CM, (Q) 

0.25 

2 

-0.005 

100 

1 

0.6 

10 

10 

Ind 

TO-99 

33.15 

23.30 

1-99 


3528AM 

0.50 

15 

-0.30pA 

88 

0.7 

0.3 

10 

5 

Ind 

TO-99 

18.60 

12.10 

1-103 


3528 BM 

0.25 

5 

-0.15pA 

92 

0.7 

0.3 

10 

5 

Ind 

TO-99 

22.95 

16.35 

1-103 


3528CM 

0.50 

10 

-0.075pA 

90 

0.7 

0.3 

10 

5 

Ind 

TO-99 

29.35 

21.25 

1-103 

Bipolar 

3510AM 

0.15 

2 

±35 

120 

0.4 

0.5 

10 

10 

Ind 

TO-99 

8.90 

5.70 

1-83 


3510BM 

0.12 

1 

±25 

120 

0.4 

0.5 

10 

10 

Ind 

TO-99 

11.25 

7.10 

1-83 


3510CM 

0.06 

05 

±15 

120 

0.4 

0.5 

10 

10 

Ind 

TO-99 

18.25 

11.60 

1-83 

Military 

3510VM/MIL, 





See Military Products 









/883B 














Bipolar 

3500B 

2 

5 

±20 1 

93 

1.5 

0.8 

10 

10 

Ind 

TO-99 

17.25 

10.65 

1-62 


3500C 

1 

3 

±15 

93 

1.5 

1.0 

10 

10 

Ind 

TO-99 

22.00 

13.90 

1-62 


3500R, iQ 1 

5 

20 

±30 

93 

1.5 

0.6 

10 

10 

Ind 

TO-99 

20.50 

12.20 

1-62 


3500S, iQi 

2 

10 

±20 

93 

1.5 

0.8 

10 

10 

Mil 

TO-99 

33.00 

21.20 

1-62 


3500T, iQi 

1 

3 

±15 

93 

1.5 

1.0 

. 10 

10 

Mil 

TO-99 

53.25 

33.60 

1-62 


3500E 

0.50 

1 

±50 

100(4) 

1.5 

0.8 

10 

10 

Ind 

TO-99 

36.25 

22.25 

1-62 


3500MP 

0.20(3) 

1(3) 

±50 

100(4) 

1.5 

0.8 

10 

10 

Ind 

TO-99 

36.25 

22.25 

1-66 


3501 A, -Q> 

5 

20 

±15 

93 

0.5 

0.1 

10 

5 

Ind 

TO-99 

5.50 

3.50 

1-71 


3501 B, 1 Q i 

2 

10 

±7 

93 

0.5 

0.1 

10 

5 

Ind 

TO-99 

11.85 

7.75 

1-71 


3501 C, iQ ' 

2 

5 

±3 

93 

0.5 

0.1 

10 

5 

Ind 

TO-99 

15.45 

10.85 

1-71 


3501 R 

5 

20 

±15 

93 

0.5 

0.1 

10 

5 

Mil 

TO-99 

17.00 

11.35 

1-71 


350 IS 

2 

10 

±7 

93 

0.5 

0.1 . 

10 

5 

Mil 

TO-99 

24.75 

16.50 

1-71 

High Voltage 

3271/25 

0.05 

1.0 

±0.08 

140 

1 

20 

110 

20 

Ind 

Module 

244.00 

172.00 

1-50 


'Chopper-stabilized 


NOTES: 1 ) “(Q)" indicates product also available with screening for increased reliability. 2 > Com =0to +70°C; Ind = -25°C to +85?C; Mil = -55°Cto+125°C. 
3) These specifications apply to-the match between two devices. The 3500MP is a matched pair of amplifiers. 4) Typical. 


UNITY-GAIN BUFFER (Power Booster) 

These versatile amplifiers: boost the output current 
capability of another amplifier; buffer an impedance 
that might load a critical circuit; may be used inside 


the feedback loop of another op amp to form a 
current-boosted, composite amplifier. Currents as 
high as ±1 00mA are available with speeds of 2000V/ 
Msec. 


| UNITY-GAIN BUFFER j 



Rated | 






Open 








Output 

| Frequency Response 


Input 

Loop 






Description 

Model 

±V 

±mA 

-3dB 

Full Pwr BW 

Slew Rate 

Gain 

Impedance 

Gain 

Temp 


| Price i$i j 


min 

min 

MHz 

MHz 

V/yusec 

V/V 

n 

dB 

RangeC) 

Package 

Unit 

100’s 

Page 

Noninverting 

3553AM 

10 

200 

300 

32 

2000 

= 1 

10 11 

NA 

Ind 

TO-3 

36.00 

22.45 

1-121 


3329/03 

10 

100 

5 

1 


~ 1 

10k 

NA 

Ind 

DIP 

36.75 

22.95 

1-58 


NOTES: 1 ) Com = 0 to +70°C; Ind = -25°C to +85°C; Mil - -55°C to +125°C. 
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GLOSSARY OF TERMS AND DEFINITIONS 
Operational Amplifiers 


COMMON-MODE INPUT IMPEDANCE 

The effective impedance (resistance in parallel with 
capacitance) between either input of an amplifier and its 
common, or ground terminal. 

COMMON-MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience 
the same common-mode voltage (CMV), the output 
should, ideally, be unaffected. CMR is the ratio of the 
common-mode input voltage change to the differential 
input voltage (error voltage) which produces the same 
output change. 

CMR (in dB) = 20 log, 0 CMV/ Error Voltage 
Thus a CMR of 80dB means that IV of common-mode 
voltage will cause an error of lOOjiV (referred to input). 
COMMON-MODE VOLTAGE (CMV) 

That portion of an input signal which is common to both 
inputs of a differential amplifier. Mathematically it is 
defined as the average of the signals at the two inputs: 
CMV = (e, + e 2 )/2 

COMMON-MODE VOLTAGE GAIN 

The ratio of the output signal voltage (ideally zero) to the 
common-mode input signal voltage. 
COMMON-MODE VOLTAGE RANGE 
The range of input voltage for linear, nonsaturated 
operation. 

DIFFERENTIAL INPUT IMPEDANCE 

The apparent impedance, resistance in parallel with 
capacitance, between the two input terminals. 

FULL POWER FREQUENCY RESPONSE 
The maximum frequency at which a device can supply its 
peak-to-peak rated output voltage and current, without 
introducing significant distortion. 
GAIN-BANDWIDTH PRODUCT 
A product of small signal, open-loop gain and frequency 
at that gain. 

INPUT BIAS CURRENT 

The DC input current required at each input of an 
amplifier to provide zero output voltage when the input 
signal and input offset voltage are zero. The specified 
maximum is for each input. 

INPUT BIAS CURRENT VS SUPPLY VOLTAGE 

The sensitivity of input bias current to the power supply 
voltages. 

INPUT BIAS CURRENT VS TEMPERATURE 

The sensitivity of input bias current to temperature. 

INPUT CURRENT NOISE 

The input current which would produce, at the output of 
a noiseless amplifier, the same output as that produced by 
the inherent noise generated internally in the amplifier 
when the source resistances are large. 

INPUT OFFSET CURRENT 

The difference of the two input bias currents of a 
differential amplifier. 

INPUT OFFSET VOLTAGE 

The DC input voltage required to provide zero voltage at 
the output of an amplifier when the input signal and input 
bias currents are zero. 

INPUT OFFSET VOLTAGE VS SUPPLY VOLTAGE 
l/PSRR 

The sensitivity of input offset voltage to the power supply 


voltages. Both power supply magnitudes are changed in 
the same direction and over the operating voltage range. 

INPUT OFFSET VOLTAGE VS TEMPERATURE 
(DRIFT) 

The rate of change of input offset voltage with 
temperature. At Burr-Brown, this is the change in input 
offset voltage from 25°C to the maximum specification 
temperature, plus the change in input offset voltage from 
25°C to the minimum specification temperature, this 
quantity divided by the specification temperature range. 

INPUT OFFSET VOLTAGE VS TIME 

The sensitivity of input offset voltage to time. 

INPUT VOLTAGE NOISE 

The differential input voltage which would produce, at 
the output of a noiseless amplifier, the same output as 
that produced by the inherent noise generated internally 
in the amplifier when the source resistances are small. 

MAXIMUM SAFE INPUT VOLTAGE 

The maximum, peak value, continuous voltage that may 
be applied at, or between, the inputs without damage. 

OPEN-LOOP GAIN 

The ratio of the output signal voltage to the differential 
input signal voltage. 

OPERATING TEMPERATURE RANGE 

The temperature range, ambient unless otherwise 
indicated, over which the amplifier may be safely 
operated. 

OUTPUT RESISTANCE 

The open-loop output source resistance with respect to 
ground. 

POWER SUPPLY RATED VOLTAGE 

The normal value of power supply voltage at which the 
amplifier is designed to operate. 

POWER SUPPLY VOLTAGE RANGE 

The range of power supply voltage over which the 
amplifier may be safely operated. 

QUIESCENT CURRENT 

The current required from the power supply to operate 
the amplfiier with no load and with the output at zero. 

RATED OUTPUT 

The peak output voltage and current which can be 
continuously, simultaneously supplied. 

SETTLING TIME 

The time required, after application of a step input signal, 
for the output voltage to settle and remain within a 
specified error band around the final value. 

SLEW RATE 

The maximum rate of charge of the output voltage when 
supplying rated output. 

SPECIFICATION TEMPERATURE RANGE 

The temperature range over which the “versus 
temperature” specifications are specified. 

STORAGE TEMPERATURE RANGE 

The temperature range over which the amplifier may be 

safely stored, unpowered. 

UNITY-GAIN FREQUENCY RESPONSE 

The frequency at which the open-loop becomes unity. 
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BURR -BROWN® 


OPA11HT 


I 



Wide Temperature-Range 
General Purpose 
OPERATIONAL AMPLIFIER 


FEATURES 

• -55°C TO +200°C SPECIFICATIONS 

• 30nA MAX, INPUT BIAS CURRENT AT +200°C 

• ±6mV, MAX, INPUT OFFSET VOLTAGE AT +200°C 

• ±5 m V/°C TYP, INPUT OFFSET VOLTAGE COEFFICIENT 

• 12MHz BANDWIDTH, TYPICAL 

• HERMETIC PACKAGE WITH STANDARD PINOUT 

(741 -TYPE) 


DESCRIPTION 

These specifications give you a versatile operational pull tests in accordance with Method 2011 of MIL- 
amplifier that will work in circuits that are subjected STD-883. The product is assembled in a clean-room 
to extremely wide temperature ranges. Typical ap- environment. 

plications for OPA11HT include general purpose Model OPA11HT is internally compensated for 
gain blocks, high-speed pulse amplifiers, audio stability at all gains. Pins are available for special 
amplifiers, high-frequency active filters, high-speed tailoring of the bandwidth compensation. Significant 
integrators, and photodiode amplifiers. advantages in high gain, wide bandwidth, low-bias 

current, high output current and high common- 
You’re assured of this product’s performance over mode rejection are provided by OPA11HT. Inputs 
the -55°C to +200°C range because we conduct 100% are protected against common-mode voltages up to 
screening procedures in accordance with MIL-STD- the value of the power supplies while the output is 
883, method 5004, class B. Burn-in is performed at current limited to offer short circuited protection. 
200°C. Our sample and inspection procedures include TO-99 hermetic package has standard 741 -type 
both destructive and nondestructive bonding wire pinout arrangement. 


International Airport Industrial Park - P.0. Box 11400 • Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-476 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at ±15VDC and Ta = +200°C unless otherwise noted. 


MODEL 

OPA11HT | 

CHARACTERISTIC 

SYMBOL 

MIN 

TYP 

MAX 

UNIT 

OPEN LOOP GAIN. DC, single-ended 

Av 





No load 



103 


dB 

Rl= 2kn 


_ 94 

100 


dB 

| RATED OUTPUT | 

Voltage, Rl= 2kH 

Vom 

±10 

±12 


V 

Current (Ta = 25°C) 

lom 

±15 

±23 


mA 

| DYNAMIC RESPONSE(Ta = 25°C) | 

Small-Signal Bandwidth (OdB) 



12 


MHz 

Full-Power Bandwidthl Vout = ±10V 

BWfp 

50 

75 


kHz 

Slew Rate | Rl = 2kfl 

SR 

4 

7 


V//US6C 

Settling Time (0.1%) 



1.5 


nsec 

Rise Time (10% to 90%, small-signal) 



30 


nsec 

INPUT OFFSET VOLTAGE 

V i0 





Initial (without adj. at 25°C) 

Over Temperature 



±1 

±5 

mV 

T A = +200° C 




±6 

mV 

Ta = -55° C 




±7 

mV 

Average Vi 0 coefficient 

Average V| 0 coefficient vs 



±5 


iuV/°C 

supply voltagef Ta = 25°C i 



±10 

±200 

M V/V 

INPUT BIAS CURRENT 

lib 





Initial at +25°C 

Over Temperature 



±10 

±25 

nA 

T A = +200° C 




±30 

nA 

Ta = -55° C 

• 



±40 

nA 

Average lib coefficient 



±0.1 


nA/°C 

INPUT DIFFERENCE CURRENT 

lio 





Initial at +25°C 

Over Temperature 



±10 

±25 

nA 

Ta = +200° C 




±30 

nA 

Ta = -55°C 




±40 

nA 

Average lio coefficient 





nA/°C 

| INPUT IMPEDANCE Ta = 25°C) | 

Differential 

ri 

100 

300 


Mil 


Ci 


3 


PF 

Common Mode 

mCMi 


1000 


Mil 


Ci(CM) 


3 


PF 

| INPUT VOLTAGE RANGE | 

Common Mode 




±11 

V 

Differential Mode 




±12 

V 

Common-Mode Rejection 

CMR 

80 

100 


dB 

Over Temperature (-55°C ^ Ta ^ +200° C) 



100 



dB 

| POWER SUPPLY! Ta = 25°C) | 

Rated Voltage 

V cc 



±15 

V 

Voltage Range, derated 



±8 to ±22 


V 

Current, quiescent 

•q 


±3 

±3.7 

mA 

Over Temperature (-55°C ^ Ta < +200°C) 
Power Supply Rejection 



±3 


mA 

Ratio (T A = 200°C) 

PSrr 

80 

100 



dB 

| TEMPERATURE RANGE | 

Specification 


-55° C sS Ta < +200°C 


Operating 


-55°C ^ Ta ^ +200° C 


Storage 


-65°C ^ Ta ^ +250° C 



MECHANICAL 


TO-99 PACKAGE 




Pin numbers shown for reference only. 
Numbers may not be marked on package. 


im 

■9232191 


12031 

15331 

m 

1539 








BS9I 

W'SBBzh 


IHH 


T 


gwj 


■391 

B9H 

■XSH 

wsai 



■091 

B9H 

SSOi! 

m 

■jns 

EZ9I 

9Q9 

9E3B 


mzimam 


K9H 


■3Q| 

I3EDH 

■3091 

;l^i 


Trias' 

Tran 

liiiOH 

m 


9B 


BBHi 

n 

B9I 

91 

'y^TWI 

w 

KH 


9SES9BH 


■391 

BESH 

■mKzm 


CONNECTION DIAGRAM 
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0PA11HT 







input Current Magnitude (nA) Peak Voltage Swing (±Volts) 2V/div. Open-Loop Voltage Gain «JB) 


TYPICAL PERFORMANCE CURVES 

(at ±15VDC and Ta = +25°C unless otherwise specified) 


OPEN LOOP FREQUENCY RESPONSE' 1 


Frequency (Hz) 


COMMON MODE VOLTAGE RANGE vs. SUPPLY VOLTAGE 



±10V ±15V 

Supply Voltage 


STEP RESPONSE IN FOLLOWER CONFIGURATION 1 ' 


OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 
120 




Time (0.5/xsec/div) 


-55-35-15+52545 65 85 125 165 205 245 

Temperature (°C) 


OUTPUT VOLTAGE SWING vs. FREQUENCY 


Frequency (Hz) 

INPUT BIAS CURRENT AND DIFFERENCE CURRENT 
AS A FUNCTION OF TEMPERATURE 

20 1 — i — i — i — m — m — i — rn — n — i 


EQUIVALENT INPUT NOISE vs. BANDWIDTH 
100 



100kn Source 
ResisTance' 




$ 

Oil Source 
Resistance's^ 




> 


\ 

vThermil Noise 
of 10kn Resistor 
1 


100 Ik 10k 100k 1M 10M 

Upper 3dB Frequency i Hz i 
( Lower 3dB Frequency = 10Hz > 


OPEN-LOOP FREQUENCY AND PHASE RESPONSE 


nHssi 


-50 0 +50 +100 +150 +200 +250 

Temperature °C 


10 100 Ik 10k 100k 1M 10M 100M 

Frequency (Hz) 


1 . Capacitance values shown are compensation from pin 8 to common. Not required for stability. See Figure 1 . 2. See Figure 3. 


Phase Angle 






APPLICATIONS 


BANDWIDTH COMPENSATION 

The frequency response of the OPA 1 1 HT can be adjusted 
by use of an external compensation capacitor from pin 8 
to common as shown in Figure 1. The open-loop 
frequency response curves illustrate the effect of various 
values of capacitance. The OPA 1 1 HT is stable at any gain 
level without the use of compensation, provided that stray 
wiring capacitance and/or load capacitance are not 
excessive, and that moderate values of feedback res- 
istance are used (Rfb ^ lOkfl). A load capacitance of 
«50pF is desirable in all feedback configurations. 

STABILITY 

Because the OPA11HT is an extremely-fast amplifier 
with high gain, stray wiring capacitance and inductance in 
power supply leads can cause circuit oscillation. This can 
be prevented by proper circuit layout (all leads or patterns 
as short as possible) and by properly by passing the power 
supply lines to common at points close to the amplifier. In 
addition, it is recommended that the load be bypassed by 
a 50pF capacitor, see Figure 1 . 

OFFSET VOLTAGE AND ADJUSTMENT 

Although the offset voltage of these amplifiers is only a 
few millivolts, it may in some cases be desirable to null 
this offset. This is done by use of a lOOkfl potentiometer 
as shown in Figure 2. 

TEST CIRCUIT - DYNAMIC RESPONSE 

The test circuit of Figure 3 is used for measurement of 
slew rate, settling time, rise time and overshoot. Both rise 
time and overshoot are measured for a small output signal 
(Vout = ±100mV). Slew rate and settling time are 
measured for a 10V, p-p, square wave. 



FIGURE I. Compensated Amplifier with Supply Load 
Bypassing. 



FIGURE 2. External Adjustment of Offset Voltage. 



FIGURE 3. Dynamic Response Test Circuit. 


VOLTAGE REGULATOR AT 200°C 

In many applications, a regulated source of ±!5V is 
needed. A voltage regulator that typically will operate up 
to +200°C is shown in Figure 4. This regulator accepts 
+ 1 6 V to +30 V at its input and provides + 1 5 V at 20mA at 
its output. A complementary version may be constructed 
to provide -15V by using the OPA1 1 HT with a 2N171 1 
transistor. Short-circuit protection should be added if 
required. 



FIGURE 4. A +I5V Voltage Regulator that will 
Operate at +200 “C. 


mi 


0PA11HT 
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0PA12HT 


Wide Temperature Range 
Fast-Slewing 

OPERATIONAL AMPLIFIER 


FEATURES 

• -55°C to +175°C SPECIFICATIONS 

• 80V/ M sec MIN SLEW RATE (120V/ M sec, typ) 

• 200nsec SETTLING TIME, typ 

• HERMETIC PACKAGE WITH STANDARD PINOUT 

(741 -type) 


DESCRIPTION 

If you need a fast transient-response circuit over wide 
-55°C to +175°C temperature range, you’ll find the 
OPA12HT has the solution. Very-high speed pulse 
amplifiers, comparators, fast followers, and digital- 
to-analog converters are typical applications. 

Performance over the temperature is assured because 
OPA12HT is subjected to 100% screening procedures 
in accordance with MIL-STD-883; method 5004, 
class B. Burn-in is performed at +175°C minimum. 
Sample and inspection procedures include both 


destructive and nondestructive wire bond pull tests in 
accordance with method 201 1 of MIL-STD-883. The 
product is assembled in a clean-room environment. 
OPA12HT is internally compensated to provide fast 
slewing and wide bandwidth for gains of 3 or more. 
At gains greater than 3, the gain rolloff is 6dB/ octave. 
Inputs are protected against common-mode Voltages 
up to the value of the power supplies and the output 
can tolerate momentary short circuits to common. 
The TO-99 hermetic package offers standard 74 1 - 
type pinout. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 7461 111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-477 
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SPECIFICATIONS 

ELECTRICAL 

Specifications at ±15VDC and +25°C unless otherwise noted. 


MODEL 


CHARACTERISTIC 


OPEN LOOP GAIN, DC, single-ended 
No load 

Rl = 2kn 

RATED OUTPUT 

Voltage, Rl= Ikn 
Current 


DYNAMIC RESPONSE 

Gain-Bandwidth Product (Acl = 10) 

Full-Power Bandwidth/ VouT_ ±10V 

IRl = 2kfl. Acl = 3 
Slew Rate Rl = 2kfl, Acl = 3 

Settling Time (0.1%) 

Rise Time (10% to 90%, small-signal) 


INPUT OFFSET VOLTAGE 

Initial ( without adj. ) at 25°C 
Over Temperature (-55°C < Ta <+175°C) 
Average Vj 0 coefficient 
Average Vio coefficient vs supply voltage 


INPUT BIAS CURRENT 

Initial at 25°C 

Over Temperature (-55°C ^ Ta ^ +175°C) 
Average lib Coefficient 


INPUT DIFFERENCE CURRENT lio 

Initial at +25°C 

Over Temperature (-55 °C^Ta^+175°C) 

Average IjpCoefficient 

INPUT IMPEDANCE 


MECHANICAL 



Differential 

ri 


100 


j MCI 


Ci 


3 


PF 

Common Mode 

ri(CM) 


1000 


MO 


Cii CM i 


5 


PF 

INPUT VOLTAGE RANGE 

Common Mode 



±12 

±10 

V. 

Differential Mode 




±15. 

V 

Absolute Max ( inputs common ) 




±Supply 

V 

Common Mode Rejection 

CMR 

74 

90 


dB 

POWER SUPPLY 

Rated Voltage 

Vcc 



±15 

V 

Voltage Range, derated 



±8 to ±20 


V 

Current, quiescent at 25°C 

•q 


±4 

±6 

mA 

Over Temperature (-55°C^ Ta«S + 175°C) 



±5 


mA 


TEMPERATURE RANGE 

Specification 

Operating 

Storage 


-55°C^Ta^+175°C 
-55°C<Ta^+175°C 
-65° C ^ Ta ^ +200° C 



CONNECTION DIAGRAM 



1-13 


0PA12HT 
















TYPICAL PERFORMANCE CURVES 

(at ±15VDC and Ta = +25°C unless otherwise specified) 



Frequency (Hz ) 


NORMALIZED AC PARAMETERS vs. TEMPERATURE 



-75 -50 -25 0 +25 +50 +75+100+125+150+175+200 

Temperature (°C> 

OPEN-LOOP VOLTAGE GAIN vs. TEMPERATURE 



-75 -50 -25 0 +25 +50 +75 +1001+125+150+175+200 


Temperature (°C) 



10 100 Ik 10k 100k 1M 10M 100M 


Frequency (Hz) 


COMMON-MODE REJECTION -o 
RATIO vs. TEMPERATURE t 

10° Li I I I I I 1 I M I I 


CQ 

■D 

£E 


50 


oLLL L 1 I LLLLU 

-50 0 +50+100 +200 

Temperature (°C) 


1 

o 

z 


NORMALIZED AC PARAMETERS vs. 
SUPPLY VOLTAGE 



STEP RESPONSE 12 ' 



Input 


Output 



10k 100k 1M 10M 100M 

Frequency (Hzi 


INPUT BIAS AND DIFFERENCE CURRENTS 
AS A FUNCTION OF TEMPERATURE 



Temperature i°C> 



100Hz 1kHz 10kHz 100kHz 1MHz 

Upper 3dB Frequency 
( Lower 3dB Frequency = 10Hz > 


1 . Capacitance values shown are external compensation from pin 8 to COMMON. See Figure 1 . 

2. Closed-Loop Gain = 3. See Figure 4. 

3. With no external compensation capacitance. 
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APPLICATIONS 


BANDWIDTH COMPENSATION 

The frequency response of the OPA 1 2HT can be adjusted 
by use of an external compensation capacitor from pin 8 
to common, as shown in Figure 1. The open loop 



FIGURE 1. Compensated Amplifier with Supply and 
Load Bypassing. 


frequency response curves of illustrate the effect of 
various values of capacitance. A load capacitance of 
^50pF is desirable in all feedback configurations. The 
OPA12HT is stable for gains of 3 or greater without 
external compensation (subject to limits on stray and load 
capacitance and resistance levels). A 20pF compensation 
capacitor will stabilize the OPA12HT for all values of 
gain, at the sacrifice of bandwidth and slew rate. 

The circuit of Figure 2 illustrates another approach to 
compensation of the OPA12HT. This method yields 
unity gain stability without sacrificing slew rate. 



FIGURE 2. Alternate Method for Unity ■ 
Gain Compensation. 


STABILITY 

Because the; OPA12HT is an extremely fast amplifier 
with high gain, stray wiring capacitance, and inductance 
in power supply leads can cause circuit oscillation. This 
can be prevented by proper circuit layout (all leads or 
patterns as short as possible) and by properly bypassing 
the power supply lines to common at points close to the 
amplifier. In addition, it is recommended that the load be 
bypassed by a 50pF capacitor, (see Figure I). 

OFFSET VOLTAGE ADJUSTMENT 

Although the offset voltage of these amplifiers is only a 
few millivolts, it may be desirable in some cases to null 


this offset. This is done by use of a 20kO potentiometer as 
shown in Figure 3. 



FIGURE 3. External Adjustment of Offset Voltage. 


TEST CIRCUIT - DYNAMIC RESPONSE 

The test circuits of Figure 4 is used for measurement of 
slew rate, settling time, and overshoot. Both rise time and 
overshoot are measured under small signal conditions 
(V 0( i = ±200mV). Slew rate and settling time are 
measured for a 10V, p-p, square wave. 



FIGURE 4. Dynamic Response Test Circuit. 


HIGH TEMPERATURE 
LARGE-OUTPUT OPERATION 

Figure 5 shows a typical transfer-function plot at + 1 75"C 
for operation at no load and with a 2kf)load resistance. 
Distortion is just beginning to appear with the 2kHload at 
-10V. This may be avoided by operating with a smaller 
negative output swing, by increasing the value of load 
resistance, or by reducing the temperature. 


-io o +io 
Output (VI 

< a i Ta = +1 75°C, No load 


-10 0 +10 
Output iV' 

i b> Ta = +175°C, R L = 2kn 


FIGURE 5. Typical Open-Loop Transfer Function at 
+ 175°C. 
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OPA27/OPA37 


Ultra-Low Noise Precision 
OPERATIONAL AMPLIFIERS 


FEATURES 

• EXTREMELY LOW NOISE 

3nV/Vfiz at 1kHz 
80nV, p-p from 0.1 Hz to 10Hz 

• LOW OFFSET VOLTAGE 

10 M V 

0.2 m V/°C 

• HIGH SPEED 

0PA27, 2.8V/ /usee 
0PA37, 17 V/ m soc 

• EXCELLENT CMRR 

126dB over ±1 IV Input 

• HIGH GAIN 

1800V/mV (125dB) 

• FITS 0P-07, 0P-05, 725, AD510, AD517 SOCKETS 

APPLICATIONS 

• TRANSDUCER AMPLIFIER 

• LOW NOISE INSTRUMENTATION AMPLIFIER 

• DATA ACQUISITION PREAMPLIFIER 

• PHONO AND TAPE PREAMPLIFIER 

• FAST D/A CONVERTER OUTPUT 

• WIDE BANDWIDTH INSTRUMENTATION AMPLIFIERS 

• PRECISION COMPARATOR 


DESCRIPTION 

Low noise integrated processing, a unique circuit 
design, and advanced wafer level trimming tech- 
niques are combined intheOPA27/37 to producean 
extremely-high performance “instrumentation grade” 
operational amplifier. 

The OPA27/37 provide superior performance in 
three areas - low noise, excellent DC performance, 
and high speed (OPA37 is stable in gains > 5). 
Noise is typically only 3nV,/\/Hz at 1kHz with an 
exceptionally low 1/f corner frequency of 2.7Hz. 
Peak-to-peak noise is just 80nV in a 0. 1 Hz to 10Hz 
bandwidth. 

Offset voltage is typically just 10/uV and drift is only 
0.2/iV/°C. 125dB open-loop gain is matched with 
125dB common-mode rejection ratio. Power con- 
sumption is only 3mA. 

The same basic op amp comes in two frequency 
compensation versions. The OPA37 is lightly com- 
pensated and provides 17V/jusec slew rate and 
63 MHz gain-bandwidth product. The OPA27 is 
more heavily compensated for better frequency 
stability in low gain applications. It has a 2.8V / /xsec 
slew rate and an 8MHz unity gain frequency. 



PDS-466 
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SPECIFICATIONS 

ELECTRICAL 


At Ta = +25°C and ±Vcc = 15VDC unless otherwise noted. 

PARAMETERS 

CONDITIONS 

| INITIAL OFFSET VOLTAGE 

Initial OffsetO) 

Over Temperature 

Average vs Temperature 

Over Temperature 

Average vs Temperature 

Long Term Stability^) 

Offset Adjustment Range 

Ta = +25° C 

A, B, C -55°C < T A < +125°C 

A, B, C -55° C < Ta < +125°C(2) 

E, F, G -25° C < Ta < +85°C 

E, F, G -25° C < Ta < +85°C(2) 


INPUT OFFSET CURRENT 


INPUT BIAS CURRENT 


Initial Bias 
Over Temperature 


INPUT NOISE 


Voltage 

Voltage Density 


Current Density 


INPUT RESISTANCE 


Differential!?) 

Common-Mode 


INPUT VOLTAGE RANGE 


Ta = +25°C 

A, B, C -55° C < Ta < +125°C 
E, F, G -25° C < Ta < +85° C 


0.1Hz to10Hz<4)(5) 
f 0 = 10Hz(4) 
fo = 30Hz(4) 
fo = 1000Hz(4) 
fo = 10Hz(4)(6) 
fo = 30Hz(4)<6) 
fo= 1000Hz(4)(6) 


COMMON-MODE REJECTION RATIO 


POWER SUPPLY REJECTION RATIO 


Initial Rejection Ratio 
Over Temperature 


Over Temperature 


±Vcc = 4V to 18V 

A, B, C-55°C <Ta<+125°C 

(±Vcc = 4.5V to 18V) 

E, F, G -25° C < Ta < +85°C 
(±Vcc =4.5V to 18 V i 


LARGE SIGNAL VOLTAGE GAIN(7)(8). 


RATED OUTPUT 


OPA27/37A, OPA27/37E OPA27/37B, OPA27/37F OPA27/37C, OPA27/37G 


Initial Offset 

Ta = +25° C 

Over Temperature 

A, B, C-55°C<T A <+125°C 


E, F, G -25° C < Ta < +85°C 


Initial Input Voltage 

Ta = +25° C 

Over Temperature 

A, B, C-55°C<Ta<+125°C 

E, F, G -25° C < Ta < +85°C 


Initial Rejection Ratio 

V C M — ±1 1 V 

Over Temperature 

A, B, C -55°C < T A < +1 25°C 

Over Temperature 

E, F, G -25° C < Ta < +85° C 


Initial Voltage Gain 

RL>2ka Vo = ±10V 

RL>1kH, Vo=±10V 

Rl > 6oon, Vo = ±iv, Vcc = ±4V 

Over Temperature 

A, B, C-55°C<Ta<+125°C 
(Rl > 2k(l, Vo = ±10V i 

Over Temperature 

E, F, G -25° C < Ta < +85° C 
(RL>2kfl, Vo = ±10V. 


Initial Voltage Swing 

Over Temperature 

Over Temperature 

Output Resistance 

Rl > 2kfl 

Rl > 600H 

A, B, C-55°C<Ta<+125°C 
( Rl > 2 kni 

E, F, G -25° C < Ta < +85° C 
(Rl >2kHi 

Open Loop 

| DYNAMIC RESPONSE 

Slew Rate 

OPA27 


OPA37 

Gain-Bandwidth Product 

OPA27 


OPA37 
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ELECTRICAL (CONT) 




OPA27/37A, OPA27/37E 

OPA27/37B, OPA27/37F 

OPA27/37C, OPA27/37G 

HI 

PARAMETERS 

CONDITIONS 





UQ| 



id a 


UNITS | 

[ POWER SUPPLY | 

Rated Voltage 





BHH 

B 

BB| 

BB 



VDC 

Voltage Range 




±22 

wBM 



■ 


* 

VDC 

Current, Quiescent 




±4.7 

■ B 

gill v i 

|g3JBa' 

B 

±3.3 

±5.7 

mA 

Power Comsumption 




140 

■ 



■ 

100 

170 

mW 

| TEMPERATURE RANGE 1 

Specification A, B, C 


-55 

■ 

+125 

BB 

B 

B 

BB 



mm 

E, F, G 


-25 


+85 

HH 

^^1 




BB. 

■ 

Operating A, B, C 


-55 


+125 

HjjHj 


^B^B 



mSlM 

mm 

E, F.G 


-25 


+85 



B 




mm 

Storage 


-65 

mm 

+150 

B 

■b 

■HU 

BB 

HU 

■ 

mm 


"Specification same as OPA27/37A and OPA27/37E. 


NOTES: 

1. Input Offset Voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. A/E 
grades guaranteed fully warmed up. 

2. The TCVos performance is within the specifications unnulled or when 
nulled with Rp = 8kfi to 20kn. 

3. Long Term Input Offset Voltage Stability refers to average trend line of 
Vos vs Time over extended periods after the first 30 days of operation. 

ABSOLUTE MAXIMUM RATINGS 


Excluding the initial hour of operation, changes in Vos duri ng the first 30 
days are typically 2.5/uV (refer to Typical Performance Curves). 

4. Parameter is not 100% tested; 90% of units meet this specification. 

5. See Figures 1 and 2. 

6. See Figure 1 for current noise measurement. 

7. Parameter is guaranteed by design and is not tested. 

8. Closed-loop gain > 5 is required for stability in the OPA37. OPA27 is 
stable at unity gain. 


Supply Voltage ±22V 

Internal Power DissipationO) 500mW 

Input Voltage(3) ±22V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage(2) ±0.7V 

Differential Input Current^) ±25mA 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 

A, B, C -55°C to +125°C 

E, F, G -25° C to +85° C 

Lead Temperature Range 

(Soldering, 60sec) 300°C 


NOTES: 

1 . Maximum Package Power Dissipation vs ambient temperature. 

Derate Above 


Package 

Type 

Maximum Ambient 
Temperature for Rating 

Maximum Ambient 
Temperature 

TO-99 (J) 

80° C 

7.1mW/°C 

8-Pin Heremetic 

Dip (Z) 

75°C 

6.7mW/°C 


2. The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input 
voltage exceeds ±0.7V, the input current should be limited to 25mA. 

3. For supply voltages less than ±22V, the absolute maximum input voltage 
is equal to the supply voltage. 


ORDERING INFORMATION 


OPAXX _Y Z 

Basic Model Number — 1 | 

Performance Grade Code ■ 

A, B, C -55°C to +125°C 
E, F, G -25° C to +85° C 

Package Code 

J TO-99 

Z 8-Pin Hermetic DIP 


TO-99 J SUFFIX 


8-PIN HERMETIC DIP 


OPA27AJ 

OPA27EJ 

OPA27AZ 

OPA27EZ 

OPA27BJ 

OPA27FJ 

OPA27BZ 

OPA27FZ 

OPA27CJ 

OPA27GJ 

OPA27CZ 

OPA27GZ 

OPA37AJ 

OPA37EJ 

OPA37AZ 

OPA37EZ 

OPA37BJ 

OPA37FJ 

OPA37BZ 

OPA37FZ 

OPA37CJ 

OPA37GJ 

OPA37CZ 

OPA37GZ 


NOTE: All parts available with /883 screening. 
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FIGURE 1. 0.1 Hz to 10Hz Noise Test Circuit. 


MECHANICAL 


TO-99 PACKAGE 




NOTE: 

Leads in true position within 
0.10" (0.25mm) R at MMC at 
seating plane. 

Pin numbers shown for 
reference only. Numbers may 
not be marked on package. 
The TO-99 can and leads are 
bright acid tin plated. 

Pin material and plating 
composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 except 
paragraph 3.2). 


PIN CONFIGURATION 




FIGURE 2. Low Frequency Noise. 


8-PIN HERMETIC DIP 
(“Z” SUFFIX) 



Pin numbers shown for 
reference only. Numbers may 
not be marked on package. 



DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

.370 

.400 

9.40 

10.16 

B 

.230 

.290 

5.84 

7.37 

C 

.120 

.200 

3.05 

5.08 

D 

.015 

.023 

0.38 

0.58 

F 

.030 

070 

0.76 

1.78 

G 

.100 BASIC 

2.54 BASIC 

H 

.030 

.050 

0.76 

1.27 

J 

.008 

.015 

0.20 

0.38 

K 

.070 

135 

1.78 

3.43 

L 

300 BASIC 

7.62 BASIC 

M 


10° 


10° 

N 

010 

.030 

0.25 

0.76 



NOTE: 

Leads in true position within 
0.10" (0.25mm) R at MMC at 
seating plane. 

Pin material and plating 
composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 (except 
paragraph 3.2). 



OFFSET TRIM 

+Vcc 

OUTPUT 

NO INTERNAL 
CONNECTION 
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0PA27/37 




TYPICAL PERFORMANCE CURVES 

(Ta = +25°C, ±Vcc = 15VDC unless otherwise noted) 


0.1Hz TO 10Hz, p-p NOISE TESTER 
FREQUENCY RESPONSE 

1001 1 ! I mill i i 1 1 1 mi i 1 1 it 1111 i i 1 1 run t 

VOLTAGE NOISE VS 

FREQUENCY 

Or ill iTnir i i niiiii i i 1 1 inn 

A COMPARISON OF OP AMP 
VOLTAGE NOISE SPECTRUMS 
loot • i'i i rum 'vi mi 
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Open-Loop Gain (V/ M V . Open-Loop Voltage Gain «JB) ^ ^ Voltage Gain (dB) _ _ Absolute Change in Input Offset Voltage ( M V) 


OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 


20 TA- Y+ 70 °C 


..Device Immersed 

in 70°C Oil Bath 
20 40 60 80 100 

Time (seconds) 


INPUT BIAS CURRENT 
VS TEMPERATURE 



INPUT OFFSET CURRENT 
VS TEMPERATURE 


-50 -25 0 25 50 75 100 125 150 

Temperature (°C> 



-50 -25 0 25 50 75 100 125 

Temperature (°C> 


OPEN-LOOP GAIN VS 
FREQUENCY 



SLEW RATE, GAIN BANDWIDTH PRODUCT, 
PHASE MARGIN VS TEMPERATURE 


GAIN, PHASE SHIFT 
VS FREQUENCY 


10 100 Ik 10k 100k 1M 10M100M 
Frequency (Hz) 


OPEN-LOOP GAIN 
VS FREQUENCY 


-75 -50 -25 0 25 50 75 100 125 

Temperature °C 

SLEW RATE, GAIN BANDWIDTH PRODUCT 
w PHASE MARGIN VS TEMPERATURE * 

!“LIopL IL rULJ 


10 1 02 1 03 1 0* 105 1 06 1 07 1 08 </> -50 -25 0 +25 +50 +75 +100 +125 O 

Frequency < Hz i Temperature ■ °C 


OPEN-LOOP VOLTAGE GAIN 
VS SUPPLY VOLTAGE 


MAXIMUM UNDISTORTED 
OUTPUT VS FREQUENCY 





■ 

9 




= ikn 


Vj 

a 



■ 

a 

■ 









IIIII1W I1III1II 
Bllill 


II 

■ill 


iiis 



Frequency (MHz 


GAIN, PHASE 
VS FREQUENCY 


raiiiiiiniiiiiiiii 


12*1111111 


1.0 10 
Frequency MHz > 

MAXIMUM OUTPUT SWING 
VS RESISTIVE LOAD 




T otal Supply Voltage i V 


Frequency Hz 


Load Resistance ki! 


0PA27/37 









SMALL SIGNAL OVERSHOOT 
VS CAPACITIVE LOAD 



SMALL SIGNAL 
TRANSIENT RESPONSE 



0 12 3 

Avcl = +1, Cl = 15pF OPA27 


Time (jzseci 


LARGE SIGNAL 
TRANSIENT RESPONSE 



0 6 12 

Avcl = +1 OPA27 

Time i/useci 


SMALL SIGNAL OVERSHOOT 
VS CAPACITIVE LOAD 


120 

100 

8 80 

f 

© 

O 60 

§40 

© 

o. 

20 

0 


1 — 1 — 

Vin = 20mV 

~ n — 

OPA37 

i 

□ 






■ 







/ 






7_ 






f 







500 1000 1500 2000 2500 3000 
Capacitive Load < pF i 


LARGE SIGNAL 
TRANSIENT RESPONSE 



0 3 6 

Av = +5 OPA37 


Time Msec 


SMALL SIGNAL 
TRANSIENT RESPONSE 



0 0.4 0.8 

Av = +5 Cl = 25 pF OPA37 
Time iMsec 


SHORT CIRCUIT 



0 1 2 3 4 5 

Time from Output Shorted to Ground minutes 



103 104 105 106 107 

Frequency Hz 


COMMON-MODE INPUT 



0 ±5 ±10 ±15 ±20 

Supply Voltage V 


OPEN-LOOP VOLTAGE 



0.1 1.0 10 100 
Load Resistance kll 



1 10 102 103 104 105 106 10 ' 108 


Frequency Hz 
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APPLICATION INFORMATION 

OPA27/ 37 Series units may be inserted directly into 725, 
OP-06, OP-07 and OP-05 sockets with or without 
removal of external compensation or nulling components. 
Additionally, OPA27/37 may be fitted to unnulled 741- 
type sockets; however, if conventional 741 nulling 
circuitry is in use, it should be modified or removed to 
enable proper OPA27/37 operation. OPA27/37 offset 
voltage may be nulled to zero (or other desired setting) 
through use of a potentiometer (see Figure 3). 
OPA27/37 provides stable operation with load capac- 
itances up to 2000pF and ±10V swings; larger capac- 
itances should be decoupled with 50fl decoupling resistor. 
The designer is cautioned that stray thermoelectric 
voltages generated by dissimilar metals at the contacts to 
the input terminals can prevent realization of the drift 
performance indicated. Best operation will be obtained 
when both input contacts are maintained at the same 
temperature, preferable close to the temperature of the 
device’s package. 



FIGURE 4. Offset Nulling Circuit. 


OFFSET VOLTAGE ADJUSTMENT 

The input offset voltage and its drift with temperature of 
the OPA27/ 37 are permanently trimmed at wafer testing 
to a very-low level. However, if further adjustment of Vos 
is necessary, nulling with a lOkfl potentiometer will not 
degrade TCVos (see Figure 4). Other potentiometer 
values from lkJT to IMG can be used with a slight 
degradation (0. 1 to 0.2 /uV/°C) of TCVos. Trimming to a 
value other than zero creates a drift of (V os /300) /tiV/°C, 
e.g., if Vos is adjusted to lOO^V, the change in TCVos will 
be0.33)u V/°C. The offset voltage adjustment range with a 
lOkfl potentiometer is ±4mV. If smaller adjustment 
range is required, the sensitivity and/or resolution of the 
nulling can be increased by using a smaller pot in 
conjunction with fixed resistors. For example, the 
network in Figure 3 will have a ±280/uV adjustment 
range. 



FIGURE 3. Higher Resolution Nulling Circuit. 


UNITY GAIN BUFFER APPLICATIONS - OPA27. 

When Ri ^ 100(1 and the input is driven with a fast, large 
signal pulse (> IV), the output waveform will look as 
shown in Figure 4. 



FIGURE 5. Pulsed Operation. 

During the fast feedthrough-like portion of the output, 
the input protection diodes effectively short the output to 
the input and a current, limited only by the output short 
circuit protection, will be drawn by the signal generator. 
This results in the waveform shown in Figure 5. With Ri 
^ 50011, the output is capable of handling the current 
requirements ( 20mA at 10V) and the amplifier stays 
in its active mode and a smooth transition will occur. 

As with all operational amplifiers when R t ^ 2k(l, a pole 
will be created with R ( and the amplifier’s input capac- 
itance (8pF), creating additional phase shift and reducing 
the phase margin. A small capacitor (20pF to 50pF) in 
parallel with R t will eliminate this problem. 
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Low Noise - Wideband 
PRECISION JFET INPUT OPERATIONAL 

AMPLIFIER 


FEATURES 

APPLICATIONS 


• GUARANTEED NOISE SPECTRAL DENSITY - 

• LOW NOISE SIGNAL CONDITIONING 


100% Tested 

• LIGHT MEASURMENTS 


• LOW VOLTAGE NOISE - 8nV/v11z max at 10kHz 

• RADIATION MEASUREMENTS 


• LOW VOLTAGE DRIFT - S^C max (B grade) 

• PIN DIODE APPLICATIONS 


• LOW OFFSET VOLTAGE - 250 M V max (B grade) 

• DENSITOMETERS 


• LOW BIAS CURRENTS - 1 Op A max at 

25°C Ambient (B Grade) 

• PHOTODIODE/PHOTOMULTIPLIER CIRCUITS 

• HIGH SPEED - 10V/,usec min (0PA102) 

• GAIN BANDWIDTH PRODUCT - 40MHz (0PA102) 

• LOW NOISE DATA ACQUISITION 


DESCRIPTION 



The OPAlOl and OPA102 are the first FET 

In addition, the amplifiers have moderately 

high 

operational amplifiers available with noise charac- 

speed. The OPAlOl is compensated for unity gain 

teristics (voltage spectral density) guaranteed and 

stability and has a slew rate of 5V//usec, min. 

The 

100% tested. 

OPA102 is compensated for gains of 3V/V 

and 

The amplifiers have a complementary set of speci- 

above and has a slew rate of 10V//usec, min. 


fications permitting low errors in signal conditioning 

Each unit is laser-trimmed for low offset voltage and 

applications; low noise, low bias current, high open- 

low offset voltage drift versus temperature. 

Bias 

loop gain, high common-mode rejection, low offset 

currents are specified with the units fully warmed up 

voltage, low offset voltage drift, etc. 

at +25°C ambient temperature. 




PDS-434A 
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SPECIFICATIONS 

ELECTRICAL 

Specifications at Ta = +25°C and ±Vcc = ±15VDC unless otherwise noted. 


| MODEL 

[ OPA101/102AM 

OPA101/102BM 


| PARAMETER 

CONDITION 

| MIN 

| TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

I INPUT NOISE 1 

Voltage Noise Density 

fo = 1Hz(D 


100 

200 


80 

100 

n \Z/\J Hz' 


fo = 10Hz 


32 

60 


25 

30 

nV/\/Hz 


f 0 = 100Hz 


14 

30 


11 

15 

nV/VHz~ 


fo = 1kHz 


9 

15 


8 

12 

nVA/Hz - 


fo = 10kHz 


7 

8 


7 

8 

nV/vTiF 


fo = 100kHz 


6.5 

8 


6.5 

8 

nV/v/Hz" 

f c ; 1/f Corner Frequency 



125 



100 


Hz 

Voltage Noise 

fe = 0.1Hz to IOHzC) 


1.3 

2.6 


1.0 

1.3 

mV, p-p 


fB = 10Hz to 10kHz 


1.0 

1.2 


0.8 

1.0 

mV, rms 


fB = 10Hz to 100kHz 


2.1 

2.6 


2.1 

2.6 

mV, rms 

Current Noise Density 

f 0 = 0.1 Hz thru 10kHz 


2.0 



1.4 


fA/v/Hz 

Current Noise 

fB = 0.1Hz to 10Hz 


38 



26 


fA, p-p 


fB = 10Hz to 10kHz 


200 



140 


fA, rms 

1 DYNAMIC RESPONSE 1 

Bandwidth, Unity Gain 

Small Signal 








OPA101 



10 





MHz 

OPA102 



Note 2 






Gain-Bandwidth Product 

Acl = 100 








OPA101 



20 





MHz 

OPA102 



40 





MHz 

Full Power Bandwidth 

Vo = 20V, p-p; R L = 1kO 








OPA101 


80 

100 


* 

* 


kHz 

OPA102 


160 

210 





kHz 

Slew Rate 

V o = ±10V; Rl = Ikn 








OPA101 

Acl = -1 

5 

6.5 





V//isec 

OPA102 

Acl = -3 

10 

14 





V/nsec 

Settling Time (OPA101 ) 

Vo = ±5V; Acl = -1 ; 









Rl = ikn 








6 = 1% 



2 





Msec 

6 = 0.1% 



2.5 



* 


Msec 

6 = 0.01% 



10 



* 


m sec 

Settling Time (OPA102) 

Vo = ±5V; Acl = -3; 









Rl = Ikn 








6 = 1% 



1 





Msec 

6 = 0.1% 



1.5 





Msec 

6 = 0.01% 



8 





Msec 

Small-Signal Overshoot 

Rl = IkH; Cl = 100pF 








OPA101 

Acl = +1 


15 





% 

OPA102 

Acl = +3 


20 





% 

Rise Time 

10% to 90%, Small Signal 








OPA101 



40 





nsec 

OPA102 



30 





nsec 

Phase Margin 

Rl = Ikn 








OPA101 

Acl = +1 


60 



* 


Degrees 

OPA102 

Acl = +3 


45 





Degrees 

Overload Recovery^) 









OPA101 

Acl = -1 , 50% overdrive 


1 





Msec 

OPA102 

Acl = -3, 50% overdrive 


0.8 



* 


m sec 

OPEN-LOOP GAIN, DC ! 

Full Load 

Vo = ±1 0V; Rl = Ikn 

94 

105 





dB 

No Load 

Vo = ±10V; R L > 10kn 

96 

108 





dB 

RATED OUTPUT | 

Voltage 

lo = ±12mA 

±12 

±13 



* 


V 

Current 

Vo =±12V 

±12 

±30 





mA 

Output Resistance 

Open-Loop, f = DC 


500 





n 

Short-Circuit Current 



±45 





mA 

Capacitive Load Range 

Phase Margin >25° 








OPA101 

Acl = +1 


500 





PF 

OPA102 

Acl = +3 


300 





pF 

[ INPUT OFFSET VOLTAGE I 

Initial Offset 

Ta = +25°C 


±100 

±500 


±50 

±250 

mV 

vs Temperature 

-25° C < Ta < +85° C 


±6 

±10 


±3 

±5 

mV/°C 

vs Supply Voltage 

±5VDC < | Vcc 1 < ±20VDC 


±10 

±50 




mV/v 

vs Time 



±10 





MV/mo. 

Adjustment Range 

Circuit in “Connection 


±1 





mV 


Diagram” 








I INPUT BIAS CURRENT 1 

Initial Bias 

Ta = +25° C 


-12 

-15 


-6 

-10 

pA 

vs Temperature 



Note 4 



* 



vs Supply Voltage 



Note 5 
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0PA101 

0PA102 




ELECTRICAL (CONT) 


| MODEL 

OPA101/102AM 

OPA101/102BM 

1 

| PARAMETER 

CONDITION 


TYP 

12229 

MIN 

TYP 

BELE9 

■nrnai 

1 INPUT DIFFERENCE CURRENT ! 

Initial Difference 

Ta = +25° C 


±3 

±6 



±4 

pA 

vs Temperature 



Note 4 






vs Supply Voltage 



Note 5 






1 INPUT IMPEDANCE I 

Differential 









Resistance 



1012 



* 


n 

Capacitance 



1 



* 


pF 

Common-mode 









Resistance 



1013 





CL 

Capacitance 



3 



* ' 


PF 


Common-mode Voltage Range 

Linear Operation 


±( I'Vcc 1 -3) 



* 



Common-mode Rejection 

fo = DC, Vcm = ±10V 

80 

105 


* 

* 


■91 

| POWER SUPPLY 1 

Rated Voltage 



±15 





VDC 

Voltage Range 

Derated Performance 

±5 


±20 

* 


* 

VDC 

Current, Quiescent 



5.8 

8 


* 

, * 

mA 

| TEMPERATURE RANGE I 

Specification 


-25 


+85 

■j 

■j 


°C 

Operating 

Derated Performance 

-55 


+125 

mi 


H .. 

°C 

Storage 


-65 


+150 


II 

Ml 

°C 


NOTES: ’Specifications same as for OPA101 /102AM. 3. Time required for output to return from saturation to linear operation 

1. Parameter is untested and is not guaranteed. This specification is following the removal of an input overdrive signal, 

established to a 90% confidence level. 4. Doubles approximately every 8.5°C. 

2. Minimum stable gain for the OPA1Q2 is 3V/V. 5. See Typical Performance Curves. 


ABSOLUTE MAXIMUM RATINGS 


Supply 

±20VDC 

Internal Power Dissipation(i) 

750mW 

Differential Input Voltage(2) 

±20VDC 

Input Voltage, Either lnput(2) 

±20VDC 

Storage Temperature Range 

-65° C to +150°C 

Operating Temperature Range 

-55°C to +125°C 

Lead Temperature (soldering, 10 seconds) 

+300° C 

Output Short-Circuit DurationO) 

60 seconds 

Junction Temperature 

+175°C 

NOTES: 


1 . Package must be derated according to the details in the I 

1 Application Information section. 

1 

2. For supply voltages less than ±20VDC, the absolute maximum 

input is equal to the supply voltage. 


3. Short-circuit may be to ground only. See discussion of Thermal 

| Model in the Application Information section. 




CONNECTION DIAGRAM 


-VlN - 


mm 




+V|N - 

m 

7) OFFSET 

Y VOLTAGE ADJUSTMENT 

JioOkn 

{ 50kh* ^Optional to improve 

-Vcc resolution and limit range. 

NOTE: Offset voltage adjustment affects voltage drift vs temperature 
by approximately ±0.3/uV/°C for each 100juV of offset adjusted. 


MECHANICAL SPECIFICATIONS 




INCHES 

MILLIMETERS 


DIM 

MIN 

MAX 

MIN 

MAX 


A 

.489 

.522 

12.42 

13.26 


C 

.243 

.307 

6.17 

7.80 


D 

.016 

.021 

0.41 

0.53 


E 

.010 

.040 

0.25 

1.02 


F 

.010 

.040 

0.25 

1.02 


G 

.200 BASIC 

5.08 BASIC 


K 

.500 

— 

12.7 

— 


L 

.110 

.160 

2.79 ' 

4.06 


M 

45° BASIC 

45* BASIC 


N 

.095 

.105 

2.41 

2.67 



in true position within .010" 
(.25mm) R at MMC at seating plane. 

Pin numbers shown for reference 
only. Numbers may not be 
marked on package. 

Pin material and plating composition 
conform to method 2003 
(solderability) of MIL-STD-883 
(except paragraph 3.2). 


Weight: 2 grams 


Order Number: 

OPA101AM OPA101BM 
OPA102AM OPA102BM 


PIN CONFIGURATION 
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Voltage Gain (dB) Voltage Gain (dB) Input Noise Voltage (/iVp-p)* Input Noise Voltage ( nV/\/Hz ) 


TYPICAL PERFORMANCE CURVES 

(Ta = +25° C, ±Vcc = ±15VDC, unless otherwise noted. Performance curves apply to both OPA101 and OPA102 unless otherwise noted.) 

INPUT NOISE VOLTAGE TOTAL INPUT NOISE VOLTAGE RMS INPUT NOISE VOLTAGE 

VS FREQUENQY VS FREQUENCY VS SOURCE RESISTANCE 

1000 | — r 1000 I -I “I 1 1000 1 1 1 — p 

in R^^OMA * Includes contribution a 

^ ■■■■ — from source resistance — 



fB — 10Hz to 100kHz 


1 10 100 Ik 10k 100k 1M 

Frequency (Hz) 

PEAK-TO-PEAK INPUT NOISE VOLTAGE 
VS SOURCE RESISTANCE 


_*lncludes contribution _ 
from source resistance 


10. 100 Ik 

Frequency (Hz) 
INPUT NOISE CURRENT 
VS FREQUENCY 


fB = 10Hz to 10kHz [ 


10 4 10 5 10 6 10 7 10 8 
Source Resistance (A) 
COMMON-MODE REJECTION 
VS FREQUENCY 


fB = 0.1 to 10Hz 


10° ' 10* 10° 10° 10' 10° 10 s 
Source Resistance (A) 

OPEN-LOOP FREQUENCY RESPONSE 

!0 I — — — — i — — — n 

I A | • 

QP/ j 101 




10 100 Ik 10k 100k 1M 

Frequency (Hzi 


LARGE SIGNAL TRANSIENT RESPONSE 

I T 

OPA101 


10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 


SMALL SIGNAL TRANSIENT RESPONSE 


-+45 +10- 

-o 

- 0 I + 5 - 
® > 

CO - 
3" <D 


+135 °ioL 


Rl = IkA 
Cl= lOOpF 
-Acl = +1V/V- 


— 1 — 
OPA101 
* 

| 



T 



1 




Rl : 
Cl = 
-Acl = 

= IkA 
100pF, 
= +1V/V 

1 


1 10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 

OPEN-LOOP FREQUENCY RESPONSE 


0 5 10 15 20 25 

Time used 

LARGE SIGNAL TRANSIENT RESPONSE 


0 0.1 0.2 0.3 0.4 0.5 

Time (/isec) 

SMALL SIGNAL TRANSIENT RESPONSE 



0 8 
CD > 


O I 

-135 -10t 


1 10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 


Rl = IkA 
Cl = 100pF 
' Acl = +3V/V" 


5 10 15 20 25 

Time (/iseo 


1 

OPA102 

| 









i 




r 

Rl = 
Cl=1 
Acl = j 

IkA 

lOOpF 

+ 3V/V ■ 


v 


0.1 0.2 0.3 0.4 0.5 

Time (^sec) 
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Change In Input Offset Voltage (mV) Common-mode Rejection (dB) Relative Value Relative Value 



OVERLOAD RECOVERY TIME 
VS CLOSED-LOOP GAIN 





120 

110 

100 

90 

80 

70 


Supply Voltage (±Vcc) 
COMMON-MODE REJECTION 
VS COMMON-MODE INPUT VOLTAGE 


Temperature (°C) 
QUIESCENT SUPPLY CURRENT 
VS SUPPLY VOLTAGE 


10 100 Ik 

Closed-Loop Gain (V/V) 


VOLTAGE GAIN VS SUPPLY VOLTAGE 




— 

Vs = 

±15V 
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V) 
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«gno 

c 

«D 

( D 105 
0> 

O) 

« 

I 100 

95 


90 1 




Rl = 

Ikfl 













-Ta = 4 

85° C 

ESS 

gs 




-Ta = ' 

-25° C 


\Ta 

it 

+ 

ro 

cn 

3 





□ 





0 5 10 15 

Common-mode Input Voltage (±V) 


10 15 

Supply Voltage (±Vcc) 


STABILIZATION TIME OF INPUT OFFSET THERMAL RESPONSE TIME OF INPUT OFFSET 



5 10 15 20 

Supply Voltage (±V) 

OUTPUT VOLTAGE VS OUTPUT CURRENT 
30 r 


20 


Q. 10 
3 

o 

5 









Vcc = 






L_ 






— 1 — 

Vcc = ±15VC 

Q 










— 

±10VC 

r" 




Vcc - 







±5VD( 

r— 





i 





1 1 




Time From Power Turn-on (min) 


Time From Heat Application (min) 


10 20 30 40 50 

Output Current (mA) 
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Normalized Input Bias Current 

or Input Offset Current Power Supply Rejection (dB) Power Supply Rejection (dB) 







APPLICATION INFORMATION 


INTRODUCTION 


The availability of detailed noise spectral density charac- 
teristics for the OPA101/102 amplifiers allows an 
accurate noise error analysis in a variety of different 
circuit configurations. The fact that the spectral char- 
acteristics are guaranteed maximums allows absolute 
noise errors to be truly bounded. Other FET amplifiers 
normally use simpler specifications of rms noise in a 
given bandwidth (typically 10Hz to 10kHz) and peak-to- 
peak noise (typically specified in the band 0.1 Hz to 
10Hz). These specifications do not contain enough 
information to allow accurate analysis of noise behavior 
in any but the simplest of circuit configurations. 


FIGURE 1. Noise Model of OPA101/ 102. 

Noise in tbe OPA101/ 102 can be modeled as shown in 
Figure 1. This model is the same form as the DC model 
for offset voltage (Eos) and bias currents (1b). In fact, if 
the voltage e n (t) and currents i n (t) are thought of as 
general instantaneous error sources, then they could 
represent either noise or DC offsets. The error equations 
for the general instantaneous model are shown in Figure 
2 below. 



If the instantaneous terms represent DC errors (i.e., 
offset voltage and bias currents) the equation is a useful 
tool to compute actual errors. It is not, however, useful in 
the same direct way to compute noise errors. The basic 
problem is that noise cannot be predicted as a function of 
time. It is a random variable and must be described in 
probabilistic terms. It is normally described by some type 
of average - most commonly the rms value. 


N™.A V l/Tj;V(t) dt (I) 

where N r ms is the rms value of some random variable n(t). 
In the case of amplifier noise, n(t) represents either e n (t) 
or i n (t). 

The internal noise sources in operational amplifiers are 
normally uncorrelated. That is, they are randomly related 
to each other in time and there is no systematic phase 
relationship. Uncorrelated noise quantities are combined 
as root-sum-squares. Thus, if m(t), m(t), and m(t) are 
uncorrelated then their combined value is 

NjOTAL^j. == \/N! 2 rms + N2 2 rms + Ni^rms (2) 

The basic approach in noise error calculations then is to 
identify the noise sources, segment them into conveniently 
handled groups (in terms of the shape of their noise 
spectral densities), compute the rms value of each group, 
and then combine them by root-sum-squares to get the 
total noise. 

TYPICAL APPLICATION 


The circuit in Figure 3 is a common application of a low 
noise FET amplifier. It will be used to demonstrate the 
above noise calculation method. 



FIGURE 3. Pin Photo Diode Application. 


CR 1 is a PIN photo diode connected in the photovoltaic 
mode ( no bias voltage) which produces an output current 
i in when exposed to the light, A. 

A more complete circuit is shown in Figure 4. The values 
shown for Ci and Ri are typical for small geometry PIN 
diodes with sensitivities in the range of 0.5 A/W. The 
value of C 2 is what would be expected from stray 
capacitance with moderately careful layout (0.5pF to 
2pF). A larger value of C 2 would normally be used to 
limit the bandwidth and reduce the voltage noise at 
higher frequencies. 



FIGURE 4. Noise Model of Photo Diode Application. 
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I n Figure 4, e n and i n represent the amplifier’s voltage and 
current spectral densities, e n (to) and i n (a>) respectively. 
These are shown in Figure 5. 



FIGURE 5. Noise Voltage and Current Spectral Density. 


Figure 6 shows the desired “gain” of the circuit 
(transimpedance of e 0 /im = Z 2 (s)). It has a single-pole 
rolloff at f 2 = l/(27rR 2 C 2 ) = (oijln. Output noise is 
minimized if f 2 is made smaller. Normally R 2 is chosen for 
the desired DC transimpedance based on the full scale 
input current (ij n full scale) and maximum output (e G 
max). Then C 2 is chosen to make f 2 as small as possible 
consistent with the necessary signal frequency response. 



Voltage Noise 

Figure 7 shows the noise voltage gain for the circuit in 
Figure 4. It is derived from the equation 


e 0 e n [ 


A 

1 + Aj3 



Ttxl 

A/8 


( 3 ) 


where: 

A = A (o>) is the open-loop gain 
/ 3 = /?(o») is the feedback factor. It is the amount of 
output voltage feedback to the input of the op amp. 
A/3 = A(a>) /3(a>) is the loop gain. It is the amount of the 
output voltage feedback to the input and then 
amplified and returned to the output. 
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FIGURE 7. Noise Voltage Gain. 


Note that for large loop gain (A/?»l) 
e„ = e„ 1 ■ 

For the circuit in Figure 4 it can be shown that 

1 - R:(RiCis+ 1) 

7 ~ Ri(R 2 C 2 s + 1) 


( 4 ) 

( 5 ) 


This may be rearranged to 

1 _ R2 + Rl T a S + 1 j 

(3 Ri r 2 s + 1 


(5a) 


where r a = (Ri || R 2 )(Ci || C 2 ) 

= [ rTTtU (Cl + c -> 

and T 2 = R 2 C 2 • 

1 1 

Then, U = ~ and f 2 = • 

27 rr a 2 ttt 2 


(5b) 


(5c) 

(5d) 


For very low frequencies (f«f a ), s approaches zero and 
equation 5 becomes 


1 

fi 


1 + 


R, 

R. 


(6) 


For very high frequencies (f»f 2 ), s approaches infinity 
and equation 5 becomes 

( 7 ) 


1-31 




The noise voltage spectral density at the output is 
obtained by multiplying the amplifier’s noise voltage 
spectral density (Figure 5a) times the circuits noise gain 
(Figure 7). Since both curves are plotted on log-log scales 
the multiplication can be performed by the addition of 
the two curves. The result is shown in Figure 8. 



FIGURE 8. Output Noise Voltage Spectral Density. 


The total rms noise at the amplifier’s output due to the 
amplifier’s internal voltage noise is derived from the e 0 (co) 
function in Figure 8 with the following expression: 


E or 


'/+ 00 eo 2 (cu)dco 


(8) 


It is both convenient and informative to calculate the rms 
noise using a piecewise approach (region-by-region) for 
each of the four regions indicated in Figure 8. 

Region 1; f, = 0.01 Hz to f c = 100Hz 


E n l 


= Ki 


r 2 


(I+^Jn/RW) 


(9) 


= 80nV/ N /~HT ( 1 + i2l ) >/ln 122. 

(0 8 0.01 


(9a) 


= 2.67/uV 


This is a region of “white” noise which leads to the form 
of equation (10). 

Region 3; f a = 673Hz to f 2 = 15.9kHz 


E 


n3 rms 



3 


(H) 


= 8nV/v / Hl(1.63 x 10“ 3 ) 



= 15.1/iV 


This is the region of increasing noise gain (slope of 
+20dB/ decade on the log-log plot) caused by the lead 
network formed by the resistance Ri || R 2 and the capaci- 
tance (Ci + C 2 ). Note that K 3 • K 2 is the value of the e 0 (to) 
function for this segment projected back to 1 Hz. 

Region 4; f > 15.9kHz 

En4 rms = K 2 ( 1 + ~ ) \f [~ ] f3 ( J2) 

= 8nV/ n/hI ( 1 + y ) J\^] 380k - 1 5.9k (12a) 
= 1 58.5/u V 

This is a region of white noise with a single order rolloff at 
f 3 = 380kHz caused by the intersection of the 1 f {3 curve 
and the open-loop gain curve. The value of 380kHz is 
obtained from observing the intersection point of Figure 
7. The 7r / 2 applied to f 3 is to convert from a 3dB corner 
frequency to an effective noise bandwidth. 

Current Noise 

The output voltage component due to current noise is 
equal to: 

E„i = in x Z 2 (s) (13) 

where Z 2 (s) = R 2 || X c ; (13a) 

This voltage may be obtained by combining the in- 
formation from figures 5 (b) and 6 together with the open 
loop gain curve of Figure 7. The result is shown in Figure 
9 below. 


This region has the characteristic of 1/f or “pink” noise 
(slope of -lOdB per decade on the log-log plot of e n (a>)). 
The selection of 0.01 Hz is somewhat arbitrary but it can 
be shown that for this example there would be only 
negligible additional contribution by extending fi several 
decades lower. Note that K ( ( 1 + R 2 / Ri) is the value of en> 
at f = 1 Hz. 

Region 2; f c = 100Hz to f a = 673Hz 


E„ 2m ,.= K 2 ‘(l 

IM 

10 7 , 


= 8nV/\/H?(l + —■ ) V 673- 100 


(10) 

(10a) 
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FIGURE 9. Output Voltage Due to Noise Current. 


Using the same techniques that were used for the voltage 
noise: 


= 0.21 M V 


Region 1 ; 0. 1 Hz to 10kHz 
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E„i, = 1 .4 x 10"V 10k- 0.1 
= 1.4 M V 

Region 2; 10kHz to 15.9kHz 

/ (15.9k)’ (10k) 5 

E n i 2 = 1.4 x 10 12 V ■ - 3 ■ - -y- 

= 1 .4m V 

Region 3; f > 15.9kHz 

E„ i3 = 2.2 x 10 ® y 380k- 15.9k 
= 16.8u V 

E„i toiai = 10" 6 \J ( 1 ,4) 2 + ( 1 ,4) 2 + ( 16.8 ) 2 
= 16.9MV rm , 

Resistor Noise 

For a complete noise analysis of the circuit in Figure 4, 
the noise of the feedback resistor, R 2 , must also be 
included. The thermal noise of the resistor is given by: 
Er = V 4kTRB (15) 

K = Boltzmann’s constant = 1.38 x 10~ 23 
Joules/ °Kelvin 

T = Absolute temperature (degrees Kelvin) 

R = Resistance (ohms) 

B = Effective noise bandwidth (Hz) (ideal filter 
assumed) 


(14) 

(14a) 

(14b) 

(1 4c) 


At 25°C this beco mes 
Er rms = 0.13 v^RB 
Er rms in /xV 
R in MO 
Bin Hz 

For the circuit in Figure 4 

r 2 = io 7 n= iomo 


B= T (f2)= T l5 9k 

Then 

Er rms = (41 lnV/\/Hz) >/§" 

= (4 1 1 n V / x/TTz) v/y 15.9kHz 

— 64.9 jj.V rms 

Total Noise 

The total noise may now be computed from 
En total = v Enl 2 + E „ 2 2 + E „ 3 2 + E n4 2 + E „ R 2 + Em 2 ( 1 6) 
= \/2.67 2 + 0.2 1 2 + 1 5. 1 2 + 1 58. 5 2 + 64.9 2 + 1 6.9 2 (16a) 

= s/T\ +0.04 + 228 + 25122 + 4212 + 286 (16b) 

= I73,uV rms 


Conclusions 

Examination of the results in equation (16b) together 
with the curves in Figure 8 leads to some interesting 
conclusions. 1 n this example 84% of the noise comes from 
E„ 4 . From Figure 8 it is seen that this is the area beyond 
the pole formed by R 2 and C 2 . 



The E „4 contribution could be reduced several ways. The 
most common method is to increase C 2 . This reduces f 2 
and the value of K2(l + C1/C2) (see Figure 8). It also 
reduces the signal bandwidth (see Figure 6) and the final 
value of C 2 is normally a compromise between noise gain 
and necessary signal bandwidth. 

It should be noted that increasing C 2 will also affect f a 
since f a is determined by (Ci + C 2 ) (see equation (5b)). 
Normally C 2 is larger than Ci and f 2 will change more 
than f* for a given change in C 2 . 

The other means of reducing the noise in region 4 
involves changing amplifier parameters. For example, 
the use of a slower amplifier would move the open-loop 
gain curve to the left and decrease f 3 . Of course, reducing 
the value of K 2 , the noise floor, would also reduce the 
noise in this region. 


The second largest component is the resistor noise E n R 
(14% of the total noise). A lower resistor value decreases 
resistor noise as a function of \/FC but it also lowers the 
desired signal gain as a direct function of R. Thus, 
lowering R reduces the signal-to-noise ratio at the output 
which shows that the feedback resistor should be as large 
as possible. The noise contribution due to R 2 can be 
decreased by raising the value of C 2 (lowering f 2 ) but this 
reduces signal bandwidth. 


It is interesting to note that the current noise of the 
amplifier accounted for only 1% of the total E n . This is 
different than would be expected when comparing the 
current and voltage spectral densities with the size of the 
feedback resistor. For example, if we define a char- 
acteristic value of resistance as 


e n (a>) 

i n (o>) 


at f = 10kHz 


(17) 


8nV/\/Hz~ 

1.4fA/\/Hz 


= 5.7MH 


Thus, in simple transimpedance circuits with feedback 
resistors greater than the characteristic value, the 
amplifier’s current noise would cause more output noise 
than the amplifier’s voltage noise. Based on this and the 
l.OMO feedback resistor in the example, the amplifier 
noise current would be expected to have a higher 
contribution than the noise voltage. The reason it does 
not in the example of Figure4 is that the noise voltage has 
high gain at higher frequencies (Figure 7) and the noise 
current does not (Figure 6). 

The fourth largest component of total noise comes from 
E n 3 (0.8%). Decreasing Ci will also lower the term K 2 ( 1 + 
Ci / C 2 ). In this case, f 2 will stay fixed and f a will move to 
the right (i.e., the+20dB/ decade slope segment will move 
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to the right). This can have a significant reduction on 
noise without lowering the signal bandwidth. This points 
out the importance of maintaining low capacitance at the 
amplifier’s input in low noise applications. 

Shielding and Guarding 

The low noise, low bias current and high input impedance 
of the OPA101/102 are well suited to a number of 
precision applications. In order to fully benefit from the 
outstanding specifications of this unit, careful layout, 
shielding, and guarding are required. Careless signal 
wiring or printed circuit board layout can easily degrade 
circuit performance several orders of magnitude below 
the capability of the OPA 101/ 102. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. The metal case of the OP A 1 0 1 / 1 02 is connected 
to pin 8 and is not connected to any internal amplifier 
circuitry. Thus it is possible to use the case as a shield to 
reduce noise pickup. 

Unless care is used, leakage currents across printed circuit 
boards can easily exceed the bias current of the OP A 1 0 1 / 
102. To avoid leakage problems, it is recommended that a 
Teflon IC socket be used or that at least the signal input 
lead of the amplifier be wired to a Teflon standoff. If this 
is not done and instead the OP A 1 0 1 / 1 02 is to be soldered 
directly into a printed circuit board, utmost care must be 



FIGURE 10. Connection of Case Guard and Input Guard. 



FIGURE 11. Ultra-Low Current to Voltage Converter. 


used in planning the board layout. A “guard” pattern 
should completely surround the two amplifier input leads 
and should be connected to a low impedance point which 
is at the signal input potential (see Figure 10). The 
amplifier case, pin 8, should also be connected to the 
guard. This insures that the entire amplifier circuitry is 
fully surrounded by the guard potential. This minimizes 
the voltage placed across any leakage paths and thus 
reduces leakage currents. In addition, noise pickup is also 
reduced. 

Figures 11, 12, and 1 3 show typical applications using the 
guard and case shielding. 

Cleanliness is also a prime concern in low bias current 
circuits. It is recommended that after installation is 
complete the assembly be washed with a low residue 
solvent such as TMC Freon followed by rinsing with 
deionized water. The use of some form of high dielectric 
conformal coating such as a good two-part urathane 
should be considered if the assembly will be used in air 
environment which could deposit contaminants on the 
low current circuitry. 



FIGURE 12. Ultra-High Input Impedance Noninverting 


Circuit. 



FIGURE 13. Low Drift Integrator. 


Thermal Model 

Figure 14 is the thermal model for the OPA101/ 102 where: 
Tj = Junction temperature (output load) 

Tj* = Junction temperature (no load) 

Tc = Case temperature 

T a = Ambient temperature 

0ca = Thermal resistance, case-to-ambient 
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0hs =■ Effective thermal resistance of the heat sink 
Pdq = Quiescent power dissipation 

| +V C c| I +QUIESCENT +| -V C C | I- QUIESCENT 

Pdx = Power dissipation in the output transistor 
= (Vour “ Vcc) loUT 

(In a complementary output stage only one output 
transistor is conducting current at a time.) 



FIGURE 14. OPA101 / 102 Thermal Model 


This model is obviously not the simple one-power source 
model used with most linear integrated circuits. It is, 
however, a more accurate model for multichip hybrid 
integrated circuits where the quiescent power is dissipated 
in the input stage and the internal power dissipation due 
to the load is dissipated in a somewhat physically 
separated output stage. 

The model in Figure 14 must be used in conjunction with 
the OP A 101/1 02’s absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 
As an example of how to use this model, consider this 
problem: Determine the output transistor junction tem- 
perature when the output has its maximum load resistance 
and is operated at the worst-case output voltage con- 
ditions. Assume Vcc = ±15VDC and T A = 25°C. 
Maximum Pdx occurs where Vout = 1/ 2 Vcc. Then 

(Vcc ) 2 

PuXm “ = 4R^7 (18) 


Tj = T a + Pdq [02 + (8m || 0ca)] 

+ Pdx [0i +02 +(0hs || 0ca)] 

where (0 H s || 0ca) = q* a = 90°C/ W 



Substituting appropriate values yields 
Tj = 25° + (30V x 8mA)[85°C/ W + 90°C/ W] 

05V) 2 

+ — [75 C/ W + 85 C/W + 90 C/ W] 

4 X 1 kf) 


= 25°C + 42 W C + 14°C = Ta + 56°C 


= 8 PC 


The conclusion is that under a worst-case output voltage 
condition and with a lkfl load the junction temperature 
rise is 56°C above ambient. Thus, under these conditions, 
the device could be operated in an ambient up to 1 19°C 
without exceeding the 1 75°C junction temperature rating. 
A similar analysis for conditions of the output short- 
circuited to ground where 

Pdx ss — Vcc l(output limit) (20) 

shows that the maximum junction temperature rating of 
175°C is exceeded. Thus, the output should not be 
shorted to ground for sustained periods of time. 


HEATSINK 

The heat sink used on the OPA101/ 102 should not be 
removed. It has the effect of reducing the package 
thermal resistance from 1 50°C,/ W to about 90°C per watt. 
Removing the heat sink would naturally increase the 
junction temperature of the amplifier which would in 
turn raise the input bias current. The change in thermal 
resistance also affects the noise performance. Removing 
the heat sink would increase the noise in the 1/f region. 
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Low Drift - Low Bias Current FET Input 
OPERATIONAL AMPLIFIER 


FEATURES 

• LOW BIAS CURRENT, IpA, max 

• HIGH INPUT IMPEDANCE, 

• ULTRA-LOW DRIFT, 2mV/°C, max 

• LOW OFFSET VOLTAGE. 0.25mV, max 

• LOW QUIESCENT CURRENT. 1.5mA. max 

• HERMETICALLY SEALED TO-99 PACKAGE 

DESCRIPTION 

The OPA103 is a precision low bias current opera- 
tional amplifier. Guaranteed low initial offset voltage 
(0;25mV, max) arid associated drift versus tempera- 
ture (2/u V/ °G, max) is achieved by laser-adjusting the 
amplifier during manufacturing. This feature, and 
guaranteed low bias current (IpA, max), allow 
greater system accuracy with no external components. 
Quiescent current (1.5mA, max) is unaffected by 
changes in ambient temperature or power supply 
voltage. Other characteristics of theOPA103 include 
internal compensation for unity-gain stability and 
rapid thermal response for quick stabilization after 


APPLICATIONS 

• CURRENT TO VOLTAGE CONVERSION 

• LONG TERM PRECISION INTEGRATION 

• PRECISION VOLTAGE AMPLIFICATION FOR 

HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS: 

• photo current detectors 

• pH electrodes 

• biological probes/transducers 


turn-on or temperature changes. 

The amplifier is free from latch-up and is protected 
for continuous output shorts to common. As an 
added protection feature, either of the trim pins can 
be accidentally shorted to a potential greater than the 
negative supply voltage without damage. 

The standard pin configuration (741 type) of the 
OP A 1 03 allows the user drop-in replacement capabil- 
ity. A pin 8 case connection permits the reduction of 
noise and leakage by employing guarding 
techniques. 
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SPECIFICATIONS 


ELECTRICAL 


At Ta = 25° C and ±Vcc = ±15VDC unless otherwise noted. 


OPA103AM 


OPEN-LOOP GAIN, PC, Vqut = ±10V 

Rated Load, Rl 5 * 2kn 
Rl 2 * 10 kn 

Ta = -25° C to +85° C, Rl ^ 2kft 

RATED OUTPUT 


Voltage at Rl = 2kD, Ta = ~25°C to +85°C 
Rl = 10kn, Ta = -25° C to +85°C 
Current. Ta = -25°C to +85° C 
Output Impedance 
Load Capacitance! i) 

Short Circuit Current 








Unity Gain, Small Signal 
Full Power Response 
Slew Rate 

Settling Time (0.1%) 

Settling Time (0.01%) 

Overload Recovery (2). 50% overdrive 


HB32Sij5EiEIIZIll 






Initial Difference, Ta = +25°C 


INPUT IMPEDANCE 

Differential 

Common-mode 


INPUT NOISE 




1013 || 0.8 

1014 || 0.6 






Differential 

Common-mode, Ta = -25°C to +85°C 
Common-mode Rejection, Vin = ±10V 
Maximum Safe InDut Voltaae 




‘Specifications same as for OPA103AM. 

NOTES. 

1. Stability guaranteed with load capacitance < 500pF. 

2. Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive 
signal. 

3. Bias current is tested and guaranteed after 5 minutes of operation at Ta = +25°C. For higher temperature the bias current doubles every +10°C. 
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MECHANICAL 


CONNECTION DIAGRAM 



* N p — 

\y^ot< 
V,> Leat 


45° BASIC 
[ .095 I .105 


45° BASIC 
2.41 I 2.67 


Weight: 1 gram 


Note: 

Leads in true position within .010" 
(.25mm) R at MMC at seating plane. 
Pin numbers shown for reference only. 


The TO-99 can and leads are bright acid 
tin plated. 

Pin material and plating composition 
conform to Method 2003 (solderabilityi 


Numbers may not be marked on package, of MIL-STD-883 (except paragraph 3.2). 


TYPICAL PERFORMANCE CURVES 



OPEN-LOOP FREQUENCY 
RESPONSE 


VOLTAGE GAIN 


OUTPUT VOLTAGE vs 
FREQUENCY 



RL^IOkfl ■* 


c/5 c 115 
Z « 

~ no 


Ta = -25°C "I 


> 25 — j 1 |~ 

o> 20 V s = ±20V f p = ~ 

§ 15 Vs = ±15V I V - 


FREQUENCY 

CHARACTERISTICS 

Rl = 2kCl 

_ t CL = 500pF 


-90 <2 2 105|-Ta == +85°C 4-Ta = +25°C4 a10fvs = ±10V- 


10 100 Ik 10k 100k 1M 10M 
Frequency iHzi 

5 10 15 20 1 

Supply Voltage (±VDC) 

1 10 100 Ik 10k 100k 1M 

Frequency (Hz) 

-50 -25 0 +25 +50+75+100 
Temperature (°C) 

VOLTAGE FOLLOWER 

LARGE SIGNAL RESPONSE 

TRANSIENT RESPONSE < 

QUIESCENT 

SUPPLY CURRENT £ 

MAXIMUM 

POWER DISSIPATION 


Rl = 2kil Cl = 500 pF 


Rl = 2kil, Cl = 500pF 


1111 

111 

ill 



25° C |/Ta = +25° C 


0 20 40 60 80 


0 1 2 3 4 

5 10 15 20“ 

0 50 100 150 

Time (/isec) 


Time(/isec) 

Supply Voltage (±V) 

Ambient Temperature (°C) 

COMMON-MODE REJECTION 

cd 

CMRR AND PSRR 

STABILIZATION TIME OF 
INPUT OFFSET VOLTAGE FROM 
POWER TURN-ON 

INPUT OFFSET VOLTAGE vs 
THERMAL SHOCK vs TIME 





0 15 30 45 60 75 

Time from Heat 
Application (sec) 
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APPLICATIONS INFORMATION 


THERMAL RESPONSE TIME 

Thermal response time is an important parameter in low 
drift operational amplifiers like the OPA103. A low drift 
specification would be of little value if the amplifier took 
a long time to stabilize after turn-on or ambient tempera- 
ture change. The TO-99 package and careful circuit 
design provide the necessary quick thermal response. 
Typical warm-up drift of the OPA103 is approximately 
20 seconds (see Typical Performance Curves). 

GUARDING AND SHIELDING 

The ultra-low bias current and high input impedance of 
the OPA103 are well-suited to a number of stringent 
applications. However, careless signal wiring of printed 
circuit board layout can degrade circuit performance 
several orders of magnitude below the capability of the 
OPA103. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA103. To avoid leakage 
problems, it is recommended that the signal input lead of 
theOPA103 be wired to a Teflon standoff. IftheOPAI03 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. A 
“guard” pattern should completely surround the two 
amplifier input leads and should be connected to a low 
impedance point which is at the signal input potential. 
The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup. Figure 1 illustrates the use 
of the guard. The resistor Rj shown in Figure 1 is 
optional. It may be used to compensate effects of very 
large source resistances. However, note that its use would 
also increase the noise due to the thermal noise of Rj. 

OFFSET VOLTAGE ADJUSTMENT 

Although the OPA103 has a low initial offset voltage 
(250/i V), some applications may require external nulling 
of this small offset. Figure 2 shows the recommended 
circuit for adjustment of the offset voltage. External 


offset voltage adjustment changes the laser adjusted offset 
voltage temperature drift slightly. The drift will change 
approximately 0.3/iV/ l, C, for every IOOjuV of offset 
adjustment. 



1 



FIGURE 2. External Nulling of Offset Voltage. 
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Ultra-Low Bias Current Low Drift FET Input 
OPERATIONAL AMPLIFIER 


FEATURES 

• SPECIFICATIONS GUARANTEED OVER TEMPERATURE 

• ULTRA-LOW RIAS CURRRENT, 7STA. max 

• HIGH INPUT IMPEDANCE. 10 ,s n 

• LOW DRIFT. 10/iV/oC. max 

• LOW OFFSET VOLTAGE. 0.5mV. max 

• LOW QUIESCENT CURRENT. 1.5mA. max 

DESCRIPTION 

The OPA104 is a precision low bias current opera- 
tional amplifier. Guaranteed low initial offset voltage 
(0.5mV, max) and associated drift vefsus tempera- 
ture (lOjuV "C, max) is achieved by laser-adjusting 
the amplifier during manufacturing. The low offset, 
in addition to the guaranteed low bias current (751A. 
max), allows greater system accuracy with no exter- 
nal components. 

Quiescent current (1.5mA, max) is unaffected by 
changes in ambient temperature or power supply 
voltage. Other characteristics of the OPA 104 include 
internal compensation for unity-gain stability and 


APPLICATIONS 

• CURRENT TO VOLTAGE CONVERSION 

• LONG TERM PRECISION INTEGRATION 

• PRECISION VOLTAGE AMPLIFICATION FOR 

HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS: 

• photo current detectors 

• pH electrodes 

• biological probes/transducers 


rapid thermal response for quick stabilization after 
turn-on or ambient temperature changes. 

The amplifier is free from latch-up and is protected 
for continuous output shorts to common. As an 
added protection feature, either of the trim pins can 
be accidently shorted to a potential greater than the 
negative supply voltage without damage. 

The standard pin configuration (741 type) of the 
OPA 104 allows the user drop-in replacement capa- 
bility. A pin 8 case connection permits the reduction 
of noise and leakage by employing guarding 
techniques. 
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SPECIFICATIONS 


ELECTRICAL 

At Ta = +25°C and ±Vcc = ±15VDC unless otherwise noted. 


OPEN-LOOP GAIN. DC. V 0UT = ±10V 

Rated Load. Rl 3* 2kn 

100 

106 

RlSs 10 kO 

106 

112 

Ta = -25° C to +85°C, Rl 2 * 2kn 

92 

100 

RATED OUTPUT 

Voltage at Rl - 2 kO. Ta = -25°C to +85° C 

±10 

±12 

Rl = lOkft, Ta = -25°C to +85°C 

±12 

±13 

Current Ta = -25°C to +85° C 

±5 

±10 

Output Impedance 


3 

Load Capacitance! D 

500 

1000 

Short Circuit Current 

10 

25 

FREQUENCY RE8PONSE 





Unity Gain, Small Signal 
Full Power Response 
Slew Rate 

Settling Time (0.1%), Av = - 1 , Vo = 0 to ±10V 
Settling Time (0.01%), Av = -1, Vo = 0 to ±10V 
Overload Recovery! 2 ). 50 % overdrive 


INPUT OFFSET VOLTAGE 


Initial Offset, Ta = +25°C 
vs Temperature, Ta = -25°C to +85°C 
vs Supply Voltage. Ta = +25°C 
vs Supply Voltage, Ta = -25°C to +85°C 


INPUT BIAS CURRENT! 3) 


Initial Bias, Ta = +25°C 
vs Supply Voltage 


INPUT DIFFERENCE CURRENT 


Initial Difference, Ta = +25°C 


iimnrraaj aaa 




±200 

±1000 

±15 

±25 

±10 

±100 

±20 

±150 




±200 

±500 

±10 

±15 




±200 

±5 

±500 

±10 

mV 

M V/°C 

mV/V 

^v/v 

1 

nz 

-75 

fA 1 
fA/V 


Differential 

Common-mode 




Voltage, f 0 = 10Hz 
f 0 = 100Hz 
f 0 = 1 kHz 
fo = 10kHz 
fB = 0.1Hz to 10Hz 
Current, fe = 0.1 Hz to 10Hz 
fB = 10Hz to 10kHz 
fo = 1 kHz 


INPUT VOLTAGE RANGE 


Differential 

Common-mode, Ta = -25°C to +85°C 
Common-mode Rejection at Vin = ±10V 
Maximum Safe Input Voltage 


POWER SUPPLY 


ated Voltage 

Voltage Range, derated performance 
Current, quiescent Ta = -25°C to +85° C 







Specification 

-25 


+85 

Operating 

-55 


+125 

Storage 

6 junction - ambient 

-65 

235 

+150 



'Specifications same as for OPA104AM. 

NOTES: 

1. Stability guaranteed with load capacitance < 500pF. 

2. Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive 
signal. 

3. Bias current is tested and guaranteed after 5 minutes of operation Ta = +25°C. For higher temperature the bias current doubles approximately every 
+10°C. 
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Common-Mode Rejection (dB) Output Voltage (V) Voltage Gain (dB) 


MECHANICAL 


CONNECTION DIAGRAM 



I m WXZVM MAIM ■/.r.W I 


12.7 

2.79 4.06 

45° BASIC 
2.41 I 2.67 


Weight: 1 gram 


Note: 

Leads in true position within .010" 

( 25mm i R at MMC at seating plane. 
Pin numbers shown for reference only. 


The TO-99 can and leads are bright acid 
tin plated. 

Pin material and plating composition 
conform to Method 2003 i solderability 


Numbers may not be marked on package, of MIL-STD-883 except paragraph 3.2 '. 




15 30 45 60 75 
















APPLICATIONS INFORMATION 

THERMAL RESPONSE TIME 

Thermal response time is an important parameter in low 
drift operational amplifiers like the OPA 104. A low drift 
specification would be of little value if theamplifier took a 
long -time to stabilize after turn-on or ambient tempera- 
ture change. The TO-99 package and careful circuit 
design provide the necessary quick thermal response. 
Typical warm-up drift of the OPA 104 is approximately 
20 seconds (see Typical Performance Curves). 

GUARDING AND SHIELDING 

The ultra-low bias current and high input impedance of 
the OPA 104 are well-suited to a number of stringent 
applications. However, careless signal wiring of printed 
circuit board layout can degrade circuit performance 
several orders of magnitude below the capability of the 
OPA104. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA 104. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA 104 be wired to a Teflon standoff. If the OPA 104 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. A 
“guard” pattern should completely surround the two 
amplifier input leads and should be connected to a low 
impedance point which is at the signal input potential. 
The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup. Figure 1 illustrates the use 
of the guard. 

OFFSET VOLTAGE ADJUSTMENT 

Although the OPA 104 has a low initial offset voltage 
(500gi V), some applications may require external nulling 
of this small offset. Figure 2 shows the recommended 
circuit for adjustment of the offset voltage. External 
offset voltage adjustment changes the laser adjusted offset 
voltage temperature drift slightly. The drift will change 
approximately 0.3/uV/°C, for every 100/uV of offset 
adjustment. 

TYPICAL APPLICATION 

The circuit in Figure 3 is a common application of a low 
noise FET amplifier. It will be used to demonstrate the 
above noise calculation method. 

CR1 is a PIN photodiode connected in the photovoltaic 
mode (no bias voltage) which produces an output current 
iin when exposed to the light, A. 

A more complete circuit is shown in Figure 4. The values 
shown for Ci and Ri are typical for small geometry PIN 
diodes with sensitivities in the range of 0.5 A/W. The 


value of C 2 (0.5pF to 2pF) is what would be typically 
required to compensate for the pole generated by the 
capacitance at the input node. A larger value of C: could 
be used to limit the bandwidth and reduce the voltage 
noise at higher frequencies. 



lOPAIO^S. 

Any potentiometer 

V 0 

between 10k n to 

VS j 

100k n range. 


V- 

4 

o 


FIGURE 2. External Nulling of Offset Voltage. 




FIGURE 4. Model of Photodiode Application. 






Wideband - Fast Settling 
OPERATIONAL AMPLIFIER 


FEATURES 


APPLICATIONS 

• FAST SETTLING • 500nsec max to 0.1% 


• PULSE AMPLIFIERS 

• WIDE BANDWIDTH - 200MHz Gain • Bandwidth Product 

• FAST D/A CONVERTERS 

• FAST SLEWING - 300V/ M sec slew rate. A C l > 50 

• LINE DRIVERS 

• LARGE OUTPUT CURRENT - ±30mA min at ±10V 


• WAVEFORM GENERATORS 

• HIGH GAIN - 80dB min at ±30mA output 


• HIGH SPEED TEST EQUIPMENT 

• LOW VOLTAGE OFFSET AND DRIFT - 500 M V max, 

5mV/°C max 


DESCRIPTION 



The OPA605 is designed to offer a well balanced set 
of both AC and DC specifications. Versatility in fast 
settling, wideband and steady state AC applications 
is provided by the use of a single external com- 
pensation capacitor. This allows the user to optimize 
speed and stability for any particular application. 

The full ±30mA guaranteed minimum output current 
(at ±I0V) allows the user to realize the high speed 
features of the OPA605. Unlike most integrated 
circuit wideband amplifiers additional current boost- 

er circuitry is not needed for most applications. 

The 500nsec max to 0. 1 % settling time specification is 
guaranteed with a load of 50011 and lOOpF. Also the 
open-loop gain is guaranteed at the full ±30mA 
output. 

In addition to the excellent wideband and fast settling 
characteristics, the OPA605 also offers outstanding 

DC performance. Offset voltages are as low as 500jxV 
max and offset voltage drift versus temperature of 
only 5/uV/°C max is available. 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Ta = +25°C and ±Vcc = ±15VDC unless otherwise noted. 


MODEL 


OPA605H/OPA605A 

OPAM5J/OPA605B 

O P A605K/OP A605C 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

| OPEN-LOOP GAIN, DC i 

1 Full Load 

V 0 = ±10V; Rl = 330H 

80 

96 








dB 

| No Load 

V 0 = ±10V; Rl ^ lOkfl 


102 



*' 






dB 

| RATED OUTPUT | 

Voltage 

l 0 = ±30mA 

±10 

±12 








V 

Current 

V o = ±10V 

±30 

±50 








mA 

Output Resistance 

Open Loop 


200 








11 

Short Circuit Current 

Internal Limits! i) 

±30 

±50 

±80 







mA 

Capacitive Load<2) 

Acl = - 1 , Cc = 20 pF 

500 









pF 

| DYNAMIC RESPONSE | 

Gain-Bandwidth Product 












Acl = 1000. Cc = 0 



200 








MHz 

Acl = -1 , Cc = 20 dF 



20 








MHz 

Slew Rate 

Rl = 33011, Vo = 0 to -MOV, 











Acl 3* 50. Cc = 0 

0 to -10V 


300 








V/V»sec 

Acl = -1, Cc=20pF 


80 

94 


* 



* 



V//isec 

Full Power Bandwidth 

Rl = 3300, Vo = ±10V, 

1.3 

1.5 








MHz 


Acl = -i, Cc = 20pF 











Settling Time. Av = -1(3) 

Cc = 20pF, Rl = 5000, 












CL = 100pF, Vo=0to+10V, 












0 to -10V 











t = 1% 



200 








nsec 

t = 0.1% 



300 

500 







nsec 

t = 0.01% 



400 








nsec 

Small-Signal Overshoot 

Av = -1 , Cc = 20pF, Rl = 5000 


0 

20 



* 


’ 


% 


Cl = 100pF 








_ 



1 INPUT OFFSET VOLTAGE ! 

Initial Offset 

Ta = +25° C 


±0.25 

±1.0 



±0.5 



±0.5 

mV 

vs Temperature 

Tl to Th 



±25 



±10 



±5 

M v/°c 

vs Supply Voltage 



±30 

±200 







/iV/V 

Adjustment Ranged) 

Circuit in 


±9 



* 





mV 


“Connection Diagram" 











| INPUT BIAS CURRENT | 

Initial Bias 

Ta = +25°C, Vcm = 0 


-10 

-35 



* 




PA 

vs Temperature 

Tl to Th 


Note 5 









vs Supply Voltage 



0.2 








pA/V 

vs Vcm 



Note 6 









| INPUT DIFFERRENCE CURRENT | 

Initial Difference 

Ta = +25°C, Vcm = 0 


±2 








PA 

vs Temperature 



Note 5 









vs Supply Voltage 



0.05 








pA/V 

| VOLTAGE NOISE DENSITY RsO 0011 j 


f 0 = 10Hz 


80 








nV/v/Hz 


f 0 = 100Hz 


30 








nV/\/Hz 


fo = 1kHz 


20 








nV/v/Hz 


fo = 10kHz 


12 








nV/\/Hz 


f 0 = 100kHz 


12 








nV\/Hz 

| INPUT IMPEDANCE | 

Differential 












Resistance 



ion 








11 

Capacitance 



3 








PF 

Common-Mode 












Resistance 



ion 








11 

Capacitance 



3 








PF 

| INPUT VOLTAGE RANGE | 

Common-Mode Voltage 

Linear Operation 











Range 


±10 

±12 








V 

Common-Mode Rejection 


70 

90 


80 

90 


80 

90 


dB 

| POWER SUPPLY | 

Rated Voltage 



±15 








VDC 

Voltage Range 

Derated Performance 

±5 


±18 







VDC 

Current, Quiescent 



±7.2 

±9 







mA 

| TEMPERATURE RANGE 1 

Specification 












H, J, K Grades 

Tl to Th 

0 


+70 







°C 

A. B. C Grades 

Tl to Th 

-25 


+85 







°C 

Operating 

Derated Performance 

-55 


+125 







°C 

Storage 


-65 


+150 







°C 


NOTES: 

‘Specifications same as for OPA605H/OPA605A. 1 . Current limit may be increased with external resistors. 2. Allowable capacitive load depends on 
several factors. See Compensation section. 3. Settling Time measured in circuit of Figure 4. 4. Adjustment affects voltage drift vs temperature by 
approximately ±0.3/iV/°C for each 100*tV of offset adjusted. 5. Doubles approximately every 8.5°C 6. See Typical Performance Curves. 
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ABSOLUTE MAXIMUM RATINGS 

Supply 

±20VDC 

Internal Power Dissipation 

(D 

Differential Input Voltage<2) 

±20VDC 

Input Voltage, Either lnput(2) 

+20VDC 

Storage Temperature Range 

-65° C to +150°C 

Operating Temperature Range 

-55° C to +125°C 

Lead Temperature (soldering 10 seconds) 

+300° G 

Output Short-Circuit Duration^) 

Continuous 

Junction Temperature 

+175°C 

NOTES: 

1. Package must be derated according to details in 

the Applications 


Information section. 

2. For supply voltages less than ±20VDC, the absolute maximum input 


is equal to the supply voltage. 

3. Short circuit to ground only. See Short Circuit Protection discussion 
in the Application Information section. 


PIN CONFIGURATION 


1. No Internal Connection. 

2. Optional Frequency Compensation. 

3. Offset Adjust. 

4. Inverting Input. 

5. Noninverting Input. 

6. -Vcc. 

7. Optional Short Circuit Adjust. 

8. Optional Short Circuit Adjust. 

9. Offset Adjust. 

10. Output 

11. +Vcc. 

12. Frequency Compensation. 

13. No Internal Connection*. 

14 No Internal Connection. 

* Case on metal package 


014 

io 

013* 

20 

012 

30 

on 

40 

oio 

50 

09 

60 

08 

70 


Bottom View 

Pin numbers shown for reference only. 
Numbers are not marked on package. 


CONNECTION DIAGRAM 



NOTES: 

1 . Offset voltage adjustment affects voltage drift vs temperature by 
approximately ±0.3 mV/°C for each IOO/uV of offset adjusted. 

2. Optional resistors to increase current limits. See 
Application Information. 

3. Optional frequency compensation. See Applications Information. 


MECHANICAL “M” PACKAGE 



NOTES: 

1 . Leads in true position 
within .010" (,25mmi R 
at MMC at seating plane. 

2. Pin material and plating 
composition conform to 
Method 2003 ( solderability i 
of MIL-STD-883 (except 
paragraph 3.2) 



Pin numbers shown for 
reference only. Numbers are 
not marked on package. 
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Normalized Input Bias Current Output Voltage (V) Open-Loop Gain (dBi Compensation Capacitor, Cc <pF> 


COMPENSATION CAPACITANCE 
AND SLEW RATE VS 
NONINVERTING GAIN 


TYPICAL PERFORMANCE CURVES 

( Ta = +25°C, Vcc = ±1 5VDC unless otherwise noted i 


Noninverting gam = 1//3 


§ 

Sis 

CL 

1000 c 

500 w B 
92 ra 

300 | ~ 1.( 


POWER DERATING 


Curves shown for Pdq = 270mW 


Metal Package 120°C/W 


| Ceramic Package 


AC PARAMETERS 
VS TEMPERATURE 






1 a P l = 

-1V/V 





( 

'c = 

20pF 

% 






1 

1 







iz 



1 2 3 5 10 100 

Noninverting Gam 


OPEN-LOOP GAIN 
VS FREQUENCY 



10 100 Ik 10k 100k 1M 10M 100M 
Frequency (Hzi 


25 75 125 

Temperature (°C) 

OPEN-LOOP PHASE SHIFT 
VS FREQUENCY 




\ 

V 

5c =< 

3pF 




* 

\ 

f 

Cc 

L 

Cc 

= 20pF 

! 1 



p 





Cc 

i 

= 0p. 
1 1 

F-^ 

i 






n 




10 100 Ik 1 0k 1 00k 1 M 1 0M 1 00M 
Frequency (Hz > 


-75 -50 -25 0 +25 +50 +75 +100 +125 

Temperature i°C) 


COMMON-MODE REJECTION 
VS FREQUENCY 


10 100 Ik 10k 100k 1M 10M 100M 
Frequency iHzi 


LARGE SIGNAL TRANSIENT 
RESPONSE 







\ 





t 



Q 




/ 





\ 



/ 








Acl 

= +< 

i i i 

IV/V, Cc = 

: 40 p 

F 



Rl 

- 500(1, Cl = 

lOOpF 



0 200 400 600 80010001200 
Time msec i 


BIAS CURRENT VS 
COMMON-MODE VOLTAGE 


POWER SUPPLY REJECTION 
VS FREQUENCY 










_ 















PSR 

u 







s 


f 

V 





+PSR^ 


\ 

\ 









\ 










\ 














10 100 Ik 10k 100k 1M 10M100M 
Frequency i Hz i 


QUIESCENT CURRENT VS 
SUPPLY VOLTAGE 


Ta = +25°C 


COMMON-MODE REJECTION VS 
COMMON-MODE VOLTAGE 









±Vcc = ±15V 






-15 -10 -5 0 5 10 

Common-mode Voltage 


OFFSET VOLTAGE VS TIME 




i i i 

t = 0 is power turn on 

l i i 







i Ceramic Case 
\ \ 




V 





A 

1 1 

Metal Case 
i X i i 




'V 




Common-mode Voltage (V) 


Supply Voltage, ±Vcc <V) 


0PA605 




















APPLICATION INFORMATION 


SLEW RATE 

Slew rate is a large signal output parameter. It is primarily 
dependent on the compensation capacitor value (Cc ) and 
has almost no dependence on changes in the closed loop 
gain or bandwidth. Typical values of slew rate versus 
compensation capacitor value are shown in the Typical 
Performance Curves. Decreasing the compensation ca- 
pacitance increases the slew rate but reduces the frequency 
stability of the closed-loop circuit. Stray circuit capaci- 
tances may appear as added compensation to the ampli- 
fier. Therefore, stray capacitances should be minimized to 
avoid limiting slew rate performance. 

BANDWIDTH 

The closed-loop bandwidth is a small signal parameter. It 
is dependent on the open-loop frequency response of the 
op amp (which is determined by the value of the 
compensation capacitor, Cc) and the external closed-loop 
circuitry applied to the amplifier. Requirements for 
increased bandwidth and more frequency stability result 
in opposing constraints on the circuitry and generally the 
final selection of circuit values represents a compromise 
between the two needs. 

SETTLING TIME 

Settling time is defined as the total time required, 
measured from the input signal step, for the output to 
settle to within the specified error band around the final 
value. The error band is expressed as a percent of the full 
scale output voltage (10V) and the output transition is 
from OV to +10V or OV to -10V. 

Settling time depends on slew rate (discussed above) and 
the time to reach the final value after the slew portion of 
the transition is complete. The latter is a function of the 
closed-loop bandwidth (discussed above) and the closed- 
loop gain. Thus, settling time is a function of both the 
open-loop frequency compensation (value of Cc) and the 
particular closed-loop circuit configuration. The best 
settling time is generally obtained at low gains. 

COMPENSATION 

The OPA605 uses external frequency compensation 
which allows the user to optimize slew rate, bandwidth 
and settling time for a particular application. As men- 
tioned previously, compensation is normally a com- 
promise between the desired speed and the necessary 
frequency stability - the higher the speed the lower the 
value of Cc and the less stable the circuit. Several of the 
Typical Performance Curves provide information to aid 
in the selection of the correct value of compensation 
capacitor. In addition, several typical circuits show 
recommended compensation in different applications. 

The value of compensation capacitor required for stability 
is a function of the amount of negative feedback used in 
the particular application. 


This is characterized as 1//3, where is the “feedback 
factor”. 1 1/3 is also equal to the gain in noninverting 
configurations (see figures 2 and 3). 



FIGURE 1. Unity Gain Follower. 




The OPA605 may be compensated in either one of two 
ways. In the primary compensation method, Cc is con- 
nected between pins 10 and 12. Alternately the amplifier 
may be compensated with CY ■' between pins 1 2 and 2 (see 
Connection Diagram). Normally the use of Cc is recom- 
mended. The use of Cc ' will give lower output impedance 
at higher frequencies. This can be an advantage in some 
applications, but the effects are subtle and must be 
determined empirically. 

Improved stability with larger capacitive loads may be 
obtained by connecting a small resistor (a value of 1 611 is 
recommended) in series with the output (see figures 2 
through 4). 
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Flat high frequency closed-loop frequency response may 
be preserved and any high frequency peaking reduced by 
connecting a small capacitor (Ci in the examples) in 
parallel with the feedback resistor. This capacitor will 
compensate for the high frequency closed-loop transfer 
function zero formed by the capacitance at the amplifier’s 
input and the input and feedback resistors. C, may be a 
trimmercapacitor, a fixed capacitor ora planned printed 
circuit board capacitance. Typical values range from OpF 
to 5pF. 

WIRING PRECAUTIONS 

Of all the wiring precautions, grounding is the most 
important. A good ground plane and good grounding 
practices should be used. The ground plane should 
connect all areas of the pattern side of the printed circuit 
board that are not otherwise used. The ground plane 
provides a low resistance, low inductance common return 
path for all signal and power returns. 

If point-to-point wiring is used (no ground plane), single 
point grounding should be used. The input signal return, 
the load signal return and the power supply common 
should all be connected at the same physical point. This 
will eliminate any common current paths or ground loops 
which could cause signal modulation or unwanted 
feedback. 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. 

All printed circuit board conductors should be wide to 
provide low resistance, low inductance connections, and 
should be as short as possible. In general, the entire 
physical circuit should be as small as practical. Stray 
capacitance should be minimized especially at high 
impedance nodes. Pin 4, the inverting input is especially 
sensitive to capacitance and all connections to that point 
must be short. 



FIGURE 4. Dynamic lest Circuit. 


Input and feedback resistors should be kept as small in 
value as practical; values less than 5.6kfl are recom- 
mended. This will minimize performance limitations 
caused by the time constants formed by these resistors 
and circuit capacitances. 



SHORT CIRCUIT PROTECTION 

Short circuit protection to common is provided by 
internal current limiting resistors. (Output shorts to either 
supply can destroy the device.) The current limits may be 
increased by paralleling the internal resistors with external 
resistors, Rjxt connected between pins? and 10 and pins 
8 and 10. The short-circuit current is then 1st *** 0.05 + 
0.6/ R i x i (in amps). The power derating constraints must 
be observed when modifying the current limits. Details 
are given by the thermal model. 

THERMAL MODEL 

Figure 6 is the thermal model for the OPA605 where: 

Ti = Junction temperature (output load) 

1 1 * = Junction temperature (no load) 

1 1 = Case temperature 

I , = Ambient temperature 

fl< v = Thermal resistance, case-to-ambient 

Png = Quiescent power dissipation 

I +V<< | l.guisUM +| -V«, I' l-g, II si I SI 
Pnx = Power dissipation in the output transistor 

~ ( V< >i i - V( < ) lo, i 


(In a complementary output stage only one output 
transistor is conducting current at a time.) 



This model yields a Power Derating curve which is a 
function of Png. See Typical Performance Curves. 





High Voltage - Chopper-stabilized 
OPERATIONAL AMPLIFIERS 


FEATURES 

• LOW DRIFT 

• OPERATES OVER WIDE SUPPLY RANGE 

• HIGH OUTPUT VOLTAGE UP TO 110V 

• SMALL, ENCAPSULATED PACKAGE 

• ALL SOLID-STATE DESIGN 

DESCRIPTION 

The Model 3271/25 is a high voltage, chopper- 
stabilized operational amplifier in a small, 
encapsulated package. The module can be soldered 
directly on a circuit board, or may be plugged into a 
1500MC connector for chassis mounting. The epoxy 
encapsulation insures ruggedness and resistance to 
environmental stresses, while the all-solid-state 
design, including self-contained MOSFET chopper 
and driver, guarantees reliable operation. 

The amplifier is designed for operation on external 
supplies ranging anywhere from ±60VDC to 
±120VDC. Output voltage range depends on the 
supply voltages. A low-noise chopping technique 
insures ultra-low DC drift as a function of 
temperature and time, while eliminating the noise 
spikes usually associated with chopper amplifiers. 
The 3271/ 25 has input protection up to the value of 
supply voltage. The output stage may be shorted to 
common without damage to the amplifier. These 
features are particularly desirable when the amplifier 
is used in a patchable simulator. 

The open-loop gain exhibits a high frequency rolloff 
of approximately 6dB/ octave, which insures stability 
at all feedback gain levels, or when driving capacitive 
loads. At the same time, the fast slewing rate and 
relatively wide bandwidth guarantee fast step 


response, with low overshoot, and low phase shift, 
when the 3271/25 is used as an inverter or summing 
amplifier. 

APPLICATIONS 

Typical areas of application for the 3271/25 are: 
integrators, summing amplifiers, inverters, sample/ 
hold units, D/A converters, precision function 
generation, data amplifiers, and DC preamplifiers. 
The wide supply voltage tolerance and stable design 
enable the 3271/25 to be used as a replacement for 
vacuum tube amplifiers and older, solid-state 
amplifiers in simulators, data acquisition systems, 
and other systems where it is desired to increase 
reliability and improve performance at modest cost. 
Because of the rugged construction techniques and 
use of silicon semiconductors, the 3271/25 is not 
limited to laboratory applications, but may also be 
used in relatively severe environments. Examples are 
shipboard, airborne, high vibration industrial, and 
remote monitoring stations. 


MODEL 3271/25 ENCAPSULATED PACKAGE 

(7.6 2) 0.3* GRlDt y 


^ ^ .I8r (4.6) 
.040" typ (1.016) 
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1 

i «A 









(45.8) " 

.... . Tapped 4-40, .09" Deep 

Dimensions in millimeters „ 

. . Screw Clearance 

are shown in parentheses. To ^ % ^ J 

PIN CONNECTIONS 


Inverting Signal Input 
Common 
Signal Output 
Positive Power 
Negative Power 
External Zero Control 
Overload Signal 


Case - Black Epoxy 
Pins - Gold-Flashed 
Header - Alum., Hard Black 
Anodized 
Mating Connector 
Model I500MC 
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SPECIFICATIONS 

Performance at 25°C and + 120 VDC supply unless otherwise noted. 


See discussion of output characteristics below. 

Operating Temperature Range, -25°C to +85°C; Storage - 55°C to +100°C. 


MODEL 

RATED 

OUTPUT 

DC 

GAIN 

BANDWIDTH 

SLEW 

RATE 

INPUT OFFSET VOLTAGE 

INPUT BIAS CURRENT 

INPUT 

NOISE 

OPEN LOOP 
IMPEDANCES 

POWER SUPPLY 


v ° 

I 0 


Unity 

Gain 

Full 

Power 


At 

+25°C 

Over 

Range 

-25°C 

to 

+85°C 

Versus 

Temp. 

Versus 

Supply 

Versus 

Time 

At 

25°C 

Over 

Range 

-25°C 

to 

85°C 

Versus 

Temp. 

Versus 

Supply 

10Hz 

to 

10kHz 

Input 

Output 

Range 

Quies. 

Current 





















Volts 

mA 

dB 

min 

MHz 

min 

kHz 

min 

V/fis 

min 

A*V 

max 

MV 

max 

juV/°C 

MV/V 

max 

mV/ mo 
typ 

pA 

pA 

max 

P A/°C 

max 

pA/V 

juV rms 
max 

MU 

typ 

kU 

typ 

Volts 

mA 

max 

3271/25 

Supply 

less 

+10V 

+ 20 

140 

1.0 

30* 

20 

+50 

+110 

1.0 

1.0 

+1 

+80 

+200 

+2 

+10 

25 

I0(typ) 

0.5 

25 

+60to + 120 

+20mA 

(“>+120VDC 


OPEN-LOOP RESPONSE 

The DC gain of the amplifier is typically 160dB because 
of the additional gain contributed by the DC chopper 
channel. This chopper channel gain rolls off at very-low 
frequency after which the amplifier gain is determined by 
the AC channel. The high frequency gain decreases at 
very nearly 6dB/ octave. Figure 1 illustrates the open- 
loop gain response of a typical unit. 



FIGURE 1. Open Loop 

Gain vs. Frequency. 



Ripple Frequency (Hz) 

FIGURE 2. Supply Ripple 

Rejection vs. Frequency. 


OUTPUT CHARACTERISTICS 

The output stage of the amplifier is a balanced class B 
design which insures a minimum of quiescent drain from 
the power supply. The output current rating is +20mA 
and -20mA, regardless of the power supply level. Rated 
output voltage swing in either direction is 10V less than 
the supply voltage of the same polarity, whether equal or 
unequal values of supply voltage are used. For example, 
supply voltages of +75VDC and -90VDC could 
legitimately be used. The output voltage rated swing in 
the positive direction would be +(75-10) = +65 V, while 
the negative rated output voltage would be -(90-10) = 
-80V. Full power frequency is measured with ±100V 
swing and ±20mA of output current, on ±120 VDC 
supplies. 

POWER SUPPLY CONSIDERATIONS 

The 3271 /25 will operate quite satisfactorily over a range 
of power supply voltages from±60VDC to ±120VDC. In 
addition the supplies may have unequal values, so long as 
each is between 60V and 120V. Amplifier noise and drift 
will be minimized if the power supplies are balanced, well 
regulated, and have low output ripple. High frequency 
performance will be best, and crosstalk between adjacent 
amplifier channels will be least, if the supply impedance 
at the amplifier pins is low at all frequencies from DC to 
above 100kHz. If the supplies incorporate provisions for 
remote voltage sensing, the sense leads should be 
connected to the positive and negative supply buses as 


close as possible to the amplifier pins. The common lead 
should be as short as possible. Heavy gauge bus wire 
should be used if long supply and common leads are 
necessary. The addition of bypass capacitors from the 
supply bus to common, at the amplifier pins, will reduce 
the equivalent supply impedance and may be required if 
supply leads are long. Figure 2 illustrates the ripple 
induced at the amplifier input as a result of supply ripple. 

INSTALLATION RECOMMENDATIONS 

The input lead to the amplifier summing junction should 
be shielded to avoid pickup of spurious signals, 
particularly signals at the chopper drive frequency of 
100Hz. In integrator applications, a shielded wire may be 
used to connect the feedback or integrating capacitor to 
the amplifier input terminals. The center conductor 
should be connected to the amplifier input, while the 
shield is connected to the amplifier output. The lead 
employed should have high insulation resistance to 
prevent capacitor discharge. 

OFFSET VOLTAGE ZERO CONTROL 

The Model 3271/25 operates with low DC input offset 
voltage, without the use of a zero control. An optional 
external zero control may be employed to accurately null 
the amplifier offset. This control is shown in the package 
drawing. 

EXTERNAL OVERLOAD INDICATOR 

Electrical overload signals may be detected in the 
chopper stabilizing channel and applied through pin 5 to 
an external overload indicating circuit. In the suggested 
circuit of Figure 3, D 1 and D2 are silicon diodes; Q 1 is an 
NPN silicon switching transistor while Q2 is a PNP 
silicon switch. Lamp DS1 is a 10V, 15mA indicator, G.E. 
+ 1869 or equivalent. The circuit may be adapted for 
latching operation by including the lOOkH resistor and 
the reset switch shown in dotted lines. The indicator will 
then remain lighted, after the amplifier comes out of 
saturation, until the reset switch is closed. 



FIGURE 3. Overload Indicating Circuit. 
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Chopper-Stabilized 
OPERATIONAL AMPLIFIERS 


FEATURES 

• DIFFERENTIAL INPUT OR SINGLE-ENDED 

• VOLTAGE DRIFT AS LOW AS 0.1liV/°C 

• CURRENT DRIFT AS LOW AS 0.5pA/°C 


2nd Stage Amplifiei 


DESCRIPTION 

Chopper-stabilized amplifiers achieve their ultra-low 
DC offset voltage and bias current by “chopping” the 
low frequency component of the input signal, 
amplifying this chopped signal in an AC amplifier 
and then demodulating the output of the AC 
amplifier. This output is then further amplified in a 
second stage of DC amplification. High frequency 
signals, which are filtered out at the input of the 
chopper channel, are coupled directly into the second 
stage amplifier. The net result of this technique is to 
reduce the DC offsets and drift of the second 
amplifier by a factor equal to the gain of the chopper 
channel. The AC amplifier introduces no offsets. 
Minor offsets and bias currents exist due to imperfect 
chopping, but these are extremely small. 


I AC Amplifier ^ 
' R, 1 R, 


I Low Pass — 
Filter 


S' — 


Oscillator 

H 


lulatorj — I | 


CHOPPER CHANNEL 


FIGURE 1. Single-ended Chopper-stablized 
Amplifier. 


The great strength of the chopper-stabilized 
amplifier is its insensitivity to component changes 
due to aging, temperature change, power supply 
variation or other environmental factors. Thus it is 
usually the best choice where both offset voltage and 
bias current must be small over long periods of time, 
or under significant environmental changes, and 
where external adjustment of offsets is undersirable 
or impossible. Both bias current and offset voltage 
can be nulled, if desired, by optional external 
controls. Figure 1 shows a simplified diagram of a 
single-ended chopper-stabilized op amp. Since the 
chopper channel, including switches and switch- 
driving oscillator, is built into the amplifier, only the 
DC power is supplied externally. 
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ELECTRICAL SPECIFICATIONS 


SPECIFICATIONS 

Typical at 25°C and rated supply 
unless otherwise noted. 

MODELS 

RATED 

OUTPUT 

DC 

GAIN 

BANDWIDTH 

SLEW 

RATE 

INPUT NOISE 

V 0 

Volts 

min 

'o 

mA 

min 


Unity 

Gain 

Full 

Power 

V/psec 

min 

Voltage 

Current 

0.01 Hz 

to 

10 Hz 
mV 
p-p 

10 Hz 

to 

10 kHz 
mV 
rms 

0.01 Hz 

to 

10 Hz 
pA 

p-p 

10 Hz 

to 

10 kHz 
pA 
rms 

MHz 

min 

kHz 

min 


Low Cost | 
Inverting Only 1 

3291/14 

3292/14 

3293/14 

±10 

±5 

140 

3 

typ 

100 

6.0 

n 

3 

10 

80 

Differential Input ' 

3354/25 

3355/25 

3356/25 

±10 

±5 

140 

3 ' 

100 

6.0 

8 

2 

30 

l~ 

400 


DIFFERENTIAL INPUT TYPES 

Until the introudction of Burr-Brown Models 3354/25, 
3355/25, and 3356/25, high performance chopper- 
stabilized operational amplifiers were always single- 
ended. In other words, they could only be used in 
inverting circuits. Now, with these units, the same ultra- 
low drift and low offset characteristics can be obtained 
for noninverting amplifiers, differential feedback 
amplifiers, sample/ hold circuits, peak/ hold circuits and 
many other applications where the amplifier must 
function with both differential and common-mode 
signals. These amplifiers are ideal for amplification of 
low level signals since the low drift and noise result in low 
input signal uncertainty. In addition, the gain and 
common-mode rejection ratio are very high, insuring 
excellent linearity of feedback gain (CMR for common- 
mode voltage of ±10V is typically 140dB at DC and 
lOOdB up to 100Hz). 

When the amplifier is used as a buffer for high impedance 
signal sources, the 10 13 n common-mode input 
impedance results in negligible loading of the source. 
Also, this causes the small DC input bias current to be 
virtually independent of input voltage - a very desirable 



FIGURE 2. Typical Applications of Differential 
Chopper-stabilized Amplifiers. 


characteristic for buffering of the memory capacitor in 
sample/ hold and peak/ hold circuits. 

In general, these differential chopper-stabilized units can 
be used anywhere that a differential op amp would 
normally be used - but where both voltage and current 
drift must be very low. 

LOW COST SINGLE-ENDED TYPES 

For most inverting applications. Models 3291/14, 
3292/ 14, or 3293/ 14 will be found to be the best choice. 
These units represent the state-of-the-art in single-ended 
chopper-stabilized amplifiers, featuring the lowest drift, 
lowest noise, lowest profile (1.5" x 1.5" x 0.4"), and the 
lowest prices available. Frequency response and slew rate 
are more than adequate for most applications. 

Typical applications for these single-ended amplifiers are 
integrators, precision reference sources, D/A and A/D 
converters of high accuracy, precision comparators, 
current to voltage converters and high gain amplifiers for 
low level, low impedance signal sources. 

Where a differential input is not required, these are the 
units to use for those applications where both low voltage 
drift and low bias current drift are required. 



FIGURE 3. Typical Applications of Single-ended 
Chopper-stabilized Amplifiers. 























| INPUT OFFSET 

INPUT VOLTAGE 

INPUT BIAS 

BIAS CURRENT 

OPEN LOOP 

POWER SUPPLY 

PKG. 

VOLT 

AGE 


DRIFT 


CURRENT 

DRIFT 

IMPEDANCES 

DWG. 

At 

Over 

Versus 

Versus 

Versus 

At 

Over 

Versus 

Versus 

Input 

Output 

Norn . 


Quies. 

See 

25°C 

Range 

Temp . 

Supply 

Time 

25°C 

Range 

Temp. 

Supply 




Rated 

Range 

Current 


Diff. 

' CM 


Page 


-25°C 

-25°C 




-25°C 

-25°C 
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to 

to 




to 

to 









+85°C 

+85°C 




+85°C 

+85°C 









M v 

mV 

u 

o 

> 

HV/V 

pV/day 

pA 

P A 

pA/°C 

pA/V 

M-n- 

■n. 

k a 

Volts 

Volts 

mA 


max 

max 

max 



max 

max 

max 







max 


±20 

±26 

±0.1 



±50 

±80 

±0.5 









±50 ; 

±68 

±0.3 

±5 

1 mV/ mo 

±50 

±110 

±1.0 

±10 

0.5 

- 

1.5 

±15 

±12 to ±18 

±10 

/14 

±100 | 

±160 

±1.0 



±100 

±220 

±2.0 









±30 
±50 ! 

"O o 

CO <X) 
-H -H 

±0.1 

±0.25 

±10 

1 juV/mo 

±20 

±50 

doubles 

±1 

1.0 

10^ 

2.0 

±15 

±12 to ±18 

±10 

/25 

±iooj 

±160 

±1.0 



±50 












INSTALLATION, OPERATION AND APPLICATIONS INFORMATION 


DRIFT CONSIDERATIONS 

The best overall drift performance of an amplifier circuit 
will be achieved by minimizing impedance levels in the 
feedback network. The effect on output offset and drift of 
feedback and source impedances is illustrated in Figure 4. 
For very large resistances, input bias current becomes the 
major contributor to output voltage offset and drift. 
Where high input impedance and high gain are needed 
simultaneously, it may, therefore, not be feasible to use a 
single-ended inverting chopper-stabilized amplifier, 
because of this bias current factor. The differential input 
chopper-stabilized amplifier, used in the noninverting 
mode, then becomes the best choice. This allows the use 
of low impedance feedback networks while still retaining 
very high input impedance to prevent source loading. 
Note that input bias current doubles (approximately) for 
every +10°C temperature rise for these units. 

The circuit of Figure 5 illustrates the effects of offset 
voltage and input bias current on integrator 
performance. Both parameters cause output errors which 
increase at a constant rate as a function of time. 
Additional offset voltage and input bias current caused 
by temperature drift will cause the output rate errors to 
increase with temperature. Note that the output rate 
error due to bias current diminishes as capacitance, Cf, 



increases. Usually, however, there is not much point in 
going beyond 10/xF because of capacitor dielectric 
leakage. Also, as Cf is increased, Rj must decrease to 
maintain a given Ri C F product and there will usually be a 
lower limit on desirable values of R t , since this represents 
the input impedance of the integrator. Also, Ri 
determines the amount of input and feedback current 
flowing for a given input level. The amplifier, and the 
signal source, must be capable of supplying this current. 
Thus a compromise set of Ri and Cf can usually be 
reached which takes into account these factors. 



FIGURE 5. Integrator Errors Due to Offset Voltage and 
Bias Current. 

NOISE CONSIDERATIONS 

Because of the extremely low DC offset and DC drift 
associated with the chopper-stabilized amplifier, noise is 
often found to be the remaining limit on signal 
resolution. Thus it is desirable to design the feedback 
networks and external wiring to minimize the total circuit 
noise. This includes the proper grounding and noise 
decoupling as described under Wiring 
Recommendations. In addition it is desirable to minimize 
the levels of feedback impedance as a means of reducing 
noise “pickup” and the effects of amplifier current noise. 
When the full bandwidth of the amplifier is not required, 
it is recommended that a feedback capacitor be used to 
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limit the overall bandwidth and eliminate as much high 
frequency noise as possible. 

When one of the differential input, chopper-stabilized 
amplifiers is used with a high impedance source, the input 
current noise will be the limiting factor on signal 
resolution. For source impedances of lkH or greater it is 
recommended that a compensating resistance, Rc, be 
inserted in series with the inverting input (see Figure 6). 
This resistor will minimize the effect of current noise at 
the chopper frequency. 

Shielding of feedback components is desirable and may 
be necessary in electrically noisy environments. Use of 
shielded wire for summing junction leads is also 



FIGURE 6. Use of a Current Noise Compensating 
Resistor with Differential Chopper- 
stabilized Operational Amplifier. 


recommended in high noise environments. The shield 
should then be connected to the output terminal of the 
amplifier. 

POWER SUPPLY REQUIREMENTS 


The amplifiers described in this brochure are specified for 
operation on the rated supply voltages (±1%). They will 
operate with some degradation over the specified range 



FIGURE 7. Proper Grounding of Models 3291/14, 
3292/ 14 and 3293/14. 


of supply voltages (±12VDC to ±18VDC for ±10V 
amplifiers). 

Supply drain current is specified under quiescent 
conditions (no output current from the amplifier). When 
the amplifier is supplying current to a load, this current 
must be added to the quiescent current of the proper 
supply to determine total supply current. 

WIRING RECOMMENDATIONS 

Models 3291 / 14, 3292/ 14 and 3293/ 14 are designed with 
separate pins for power supply command and signal 
common. The diagram of Figure 7 illustrates the proper 
grounding techniques for these amplifiers. It is important 
that the signal common and power common leads be 
connected only at pin 2 of the amplifier. A separate lead is 
required from the power supply common to the COM pin 
of the amplifier. 

Figure 8 illustrates proper grounding for noninverting 
circuits using the differential amplifiers (3354/25, 
3355/25, 3356/25). 



FIGURE 8. Proper Grounding of Differential Models 
(Noninverting Mode). 


OVERLOAD CHARACTERISTICS 

Because the chopper-stabilized amplifier consists of two 
amplifying channels, one fast and the other very slow, the 
overload behavior is different from that of nonchopper- 
stabilized op amps. If the chopper channel becomes 
overloaded due to a large error voltage at the summing 
junction, recovery may require as much as a few seconds. 
There are three ways in which such overloads may occur - 
output voltage saturation, output current limiting, and 
transient overload induced when power supply voltages 
are applied. The first of these three possible conditions 
arises when the amplifier output voltage is driven to its 
limits. When the output voltage can no longer follow the 
input signal, the summing junction voltage rises from its 
virtual ground potential. This relatively large potential is 
then amplified by the high gain of the chopper channel to 
a level of several volts, a much larger value than is 
encountered in the chopper channel during normal 
operation. Because of the very large time constants of the 
chopper channel filters, decay of this overvoltage, and 
consequently amplifier recovery, may take several 
seconds after removal of the overdrive signal. When the 
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amplifier reaches one of its output current limits, under 
the proper combination of loading and signal, a 
condition much like that of voltage saturation occurs. 
The output voltage fails to follow the input signal and 
chopper channel overload occurs. 

In general, the amplifier will recover quickly from 
transient or short duration overloads since the relatively 
slow chopper channel will not become charged to high 
levels. 

Overloads due to output voltage limiting (not current 
limiting) may be prevented by use of a feedback limiter 
such as that of Figure 9. Because the amplifier summing 
junction is always held at virtual ground, even when the 
limiter is active, the chopper channel does not overload 
and recovery from limiting is very rapid ( 1 .0/usec or less is 
typical). The limits must, of course, be set below the 
output saturation levels of the amplifier itself. 



FIGURE 9. Feedback Limiter Circuit. 


Overloads which occur during the application of DC 
power to the amplifier are a result of transient imbalances 
within the circuit. Recovery time from this type of 
overload is a function of circuit design. Where rapid 
recovery from such initial overloads is important, Models 
3354/25, 3355 / 25 and 3356/ 25 are the best choices. These 
amplifiers typically recover to specified operation in less 
than one second. They recover equally fast from 
extended overload due to signal overdrive conditions for 
simple resistive feedback. 

DC NULLING TECHNIQUES 

The proper connections for nulling of the DC offset 
voltage are shown in the Mechanical Specifications. Note 
that in all cases these offset controls are optional and 
need not be used if the small offset voltage of the 
amplifier can be tolerated. The differential chopper- 
stabilized models (3354/25, 3355/25 and 3356/25) can be 
nulled as shown in Figure 10. However, the inherent 
offset voltage of these amplifiers is acceptably low 
(typically less than IOjaV) for many applications and the 
null control may be unnecessary. 


The input current of the amplifier may be nulled as in 
Figure 11 (for inverting circuits). 



FIGURE 10. Offset Voltage Adjustment for 
Noninverting Circuits. 


+v 



FIGURE 11. Null Adjustment of Input Current. 


INPUT/OUTPUT PROTECTION 

The various amplifiers described here are designed such 
that any voltage up to the value of power supply voltage 
may be applied directly to the amplifier input pin without 
damage to the amplifier. 

Output stages of the amplifiers are current limited to 
prevent damage should the output pin be shorted to 
common. Permanent damage to the amplifier may occur, 
however, if the output pin is connected to a voltage of the 
same order of magnitude as the supply voltages. 
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MECHANICAL SPECIFICATIONS 



PIN CONNECTIONS- 

are as follows unless otherwise noted. 

Pin 

Connection 

1 

inverting input 

2 

signal common or noninverting input 

3 

(not used) 

4 (OUT) 

output 

5 

(not used) 

+ (v+) 

positive supply 

- (V-) 

negative supply 

COM 

power common 

Z 

optional offset adjust 


/25 MODULES 


PIN - Pin material and plating composition conform 
to method 2003 (solderability) of Mil-Std-883 
(except paragraph 3.2). 

MATERIAL - Black Epoxy 
WEIGHT - 4.00 oz. max (1 13.40) 

CONNECTOR - 1500MC 
GRID - 0.3" (7.6) 



$* 9 -- 
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HYBRID 1C POWER BOOSTER 


FEATURES 

• ±100mA OUTPUT 

• SHORT CIRCUIT PROTECTED 

• NO HEAT SINK REQUIRED 

• DUAL-IN LINE PACKAGE 

DESCRIPTION 

The Model 3329/03 is a power booster amplifier 
designed for use in cascade with IC or discrete 
component operational amplifiers inside the 
feedback loop. Current output of up to ± 100mA at 
±10VDC is provided without the need for a heat 
sink. The unit is short circuit protected over the full 
temperature range of -40°C to +85°C. Output current 
is limited to ± 150m A by internal circuitry. No 
external components are required. The high full 
power frequency (1MHz) and small signal 
bandwidth of 5MHz insure that the unit will not 
degrade the frequency response of the operational 
amplifier used. 

The class B output stage provides high output 
current with a minimum of quiescent power supply 
drain. The low open loop output impedance (10H) 
insures stable operation with large capacitive loads, 
and virtually eliminates the closed loop gain loading 
effect of low impedance loads such as 50H 
terminated lines. Because of the 10kO input 
impedance of the booster, the current output require- 
ments of the operational amplifier are minimal. 
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APPLICATIONS 

Power Supply Requirements 

The Model 3329/03 is designed to operate over a power sup- 
ply range of ±12 VDC to ±18 VDC. Output voltage swing is 
guaranteed to be in excess of ±10 volts at full load, when op- 
erating on supplies of ±15 VDC. For other values of supply 
voltage, the output swing varies in proportion. 

Gain and Stability 

The voltage gain of the 3329/03 is approximately 1.0. The 
accuracy of this gain is relatively unimportant, since the boo- 
ster is used inside the feedback loop of an operational ampli- 
fier. The booster by itself is completely stable under all 
conditions of capacitive loading. Because of it’s very low 
output impedance, the 3329/03 tends to isolate the associ- 
ated operational amplifier from the effects of capacitive load. 

The input impedance of the booster is approximately equal 
to 100 x (load impedance). Thus, for a 100 ohm load, the 
input impedance is approximately 10 k ohms. The effective 
output impedance of the booster is approximately equal to 
the output impedance of the operational amplifier, divided 
by 100. 

For most general purpose operational amplifiers the dynamic 
output impedance is on the order of 1 k!2. When a low im- 


INFORMATION 

pedance load (e.g. 50£2) is being driven, a severe loading 
effect occurs which greatly reduces the effective open loop 
gain and bandwidth. Effectively, the unloaded gain and 
bandwidth of the operational amplifier would be multipled 

by the loading factor-SIL % .05, if the load is 5012. 

1050 

When the 3329/03 booster is used, however, the effective 
open loop output impedance is 1 012. The loading factor now 

is-^*= .866, and the gain and bandwidth are reduced only 
slightly by this loading. 

Input and Output Protection 

The output stage of the 3329/03 is current limited to insure 
survival of the booster if the output is shunted to ground. 
The unit is safe even under continuous short circuit at +85°C. 
No heat sink is required. 

The input circuitry will withstand overvoltage up to the value 
of supply voltage. 

Temperature Range 

The 3329/03 will operate over the -40°C to +85°C temper- 
ature range. Storage temperature range may vary from -55°C 
to + 1 00°C . 


3329/03 POWER BOOSTER SPECIFICATIONS 


Rated Full Power -3dB Input Signal Input Input Output 

Output Response Response Range Offset Voltage Impedance Impedance 


V 0 'o 

Volts mA 

kHz 

MHz 

Volts 

m Volts 



(min) (min) 

(min) 

(min) 

(min) 

(max) 

kft (typ.) 

ft (typ.) 


±10 ±100 I 1000 I 5 I ±10 I +50 10 10 


Power Supply Requirements 


Range Quies. Cu 
Volts mA (m< 
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3430 

3431 


ELECTROMETER AMPLIFIERS 


FEATURES 

• ULTRA-LOW INPUT CURRENT, .01 pA, max 

• LOW INPUT CURRENT NOISE, .OOlpA, p-p 

• HIGH INPUT IMPEDANCE, 10 ,4 ft 

• INVERTING OR NONINVERTING OPERATION 


DESCRIPTION 

Models 3430 and 3431 are designed to minimize input 
bias current and input noise current through the use of a 
varactor diode bridge technique. Models 3430 J and 
3430K are intended for meaurement of very-low-level 
currents, long-term integrators and analog memory 
applications. The 343 1J and 343 IK are designed for 
measurement of sub-millivolt signals from very high 
source impedances such as pH and other electrochemical 
cells, and in long-term track/ hold applications where 
charge stored on a capacitor is the input signal source. 

The varactor bridge technique uses the voltage variable 
capacitance and extremely low leakage current of the two 
zero-biased varactor diodes to achieve input bias current 
and input current noise 10 to 100 times less than that of 
FET amplifiers. 

The 3430 and 3431 out-perform amplifiers that use 


electrometer tubes or M OS FET input stages. Primary 
areas of advantage over these other devices are in voltage 
drift, common-mode rejection, and lower cost. An 
additional advantage over MOSFET’s is the inherent 
input protection of the varactor bridge input 
configuration. 

Operation of the 3430 and 343 1 are simply explained. The 
amplifier input voltage, ei„, varies the capacitance of the 
varactor diodes, causing a bridge unbalance and 
developing a bridge output signal at the carrier frequency. 
This carrier frequency signal, which is proportional in 
amplitude to the input signal level, is amplified by the 
low-noise AC amplifier, phase-sensitivity demodulated 
to restore correct polarity and filtered to eliminate the 
carrier components. Additional amplification is provided 
by a conventional DC amplifier stage. The output is equal 
to the product of input signal and open-loop gain. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP • Telex: 66-6491 
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SPECIFICATIONS 


(Typical @ 2 5°C and ±15 VDC unless otherwise noted) 


MODEL 

3430J/K 

3431J/K 

OPEN LOOP GAIN 


# 

2.1c .n. load, min. 

100 dB 


RATED OUTPUT 


* 

Voltage, min 

±10 V 


Current, m in 

±5 mA 


Load Capacitance 

0 to .01 pF 


Output Impedance @ DC 

2k ^ 


FREQUENCY RESPONSE 



Unity gain, small signal 

2 kHz 

* 

Full power response, min 

7 Hz 


Slewing rate, min 

0.4 V/ms 


Overload recovery 

10 ms 


INPUT OFFSET VOLTAGE 



External trim pot 

100 k a 

* 

Avg. vs. temp (10°C to 70° C) max 

±30 pV/°C (J) 

±30 pV/°C (J) 

vs. supply voltage 

±10 pV/°C (K) 
±500 pV/V 

±10pV/°C (K) 

# 

vs. time 

±100 pV/mo . 

* 

Warm-up drift 

75 pV (15 min) 

# 

INPUT BIAS CURRENT 

Initial bias, 25°C, max 



Inverting input 

±0.01 pA 

±1 nA 

Non-inverting input 

±1 nA 

±0.01 pA 

Avg. vs. temp (signal input only)** 

x2/lO°C 

* 

vs. supply voltage (signal input only) 

±0.01 pA/V 

* 

INPUT IMPEDANCE 


3 x 10 1 1 -n. II 30 pF 

Differential 

- 

Inverting input (to common) 

3 x 10 ,, J .|| 30 pF 

10 9 ^||.02pF 

Non-inverting input (to common) 

~ 

10^4 _o_ 1 1 35 pF 

INPUT NOISE 


# 

Voltage, .01 to 1 Hz, p-p 

10 pV 


1 to 100 Hz rms 

5 pV 


Current, .01 to 1 Hz, p-p 

.001 P A 

: | 

1 to 100 Hz, rms 

.002 pA 


COMMON MODE CHARACTERISTICS 



Max safe input voltage 

±300V 

±300V 

Max common mode 

NA 

±200V 

Common mode rejection @ ±25V 

NA 

100 dB 

POWER SUPPLY 


* 

Voltage, rated specification 

±15V 


Voltage, operating 

±(12 to 18)V 


Current, quiescent 

+15, -6 mA 


TEMPERATURE RANGE 


# 

Operating, rated specifications 

0° to +70°C 


Operating, derated specifications 

-25° to +85°C 


Storage 

-55° to +85°C 


MECHANICAL 


44 

Case style 

28 


Mating connector 

2800MC 


Weight 

6 oz. 



* Specification same as 3430. 

** Negative input for Model 3430; positive input for Model 3431. 



NOTE: Dimensions in millimeters 
are shown in parentheses. 


(41.9D y 

670 ^ 

(17.02>i 


MOTOrud-/ 

1 .10 Dtt' (4.12) 


Almiivm AmOIiiO - 

HuOr riiu 


440 Oil 200 mi*. 

Typ.(1.02) (5.00) 


.445 

(11.30) — - h— 


0. 1" Grid Spacing 



4. BOTTOM VIEW 

•-IN, 3430 ••Optional Offset Adjust 
+IN, 3431 

PINS - Pin material and plating composi- 
tion conform to method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2). 
MATERIAL - Aluminum Case 

Aluminum Anodized Header 
WEIGHT - 6 oz max (170) 
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Low Bias Current 
OPERATIONAL AMPLIFIERS 


FEATURES 

• LOW BIAS CURRENT. ±15nA. max 

• LOW DRIFT. ±1 M V/°C, max 

• LOW NOISE. 1.4 m V, p-p 

• WIDE SUPPLY RANGE, ±3V0C to ±20VDC 

• INTERNAL COMPENSATION 

• REPLACES 741 TYPE AMPLIFIERS 

DESCRIPTION 

The 3500 IC op amps are designed for low input 
current while maintaining slew rate and bandwidth 
adequate for most applications. The low input bias 
current is achieved by a unique bias current cancelling 
circuit. This method insures that the bias current 
remains low over the full temperature and common- 
mode voltage ranges. The same circuitry gives the am- 
plifier high impedance, both differential and common- 
mode. The amplifier maintains internal current levels 
essentially constant over the full range of power 
supply voltages. Thus the offset voltage and drift 
remain low for all combinations of supply voltage. 
Both military and industrial temperature range ver- 
sions are offered. Drift selected units are offered at 
±1, ±3, ±5, ±10, and ±20/u V/°C, max. The 3500 is 
also a low noise IC op amp, as illustrated by the 



o f r ' 


UN K k 


tlN L 

. r 

Offset Null C - — , 

o - , N 1 

K 

1 f 

Offset Null T 


o 1 1 < 

) 


APPLICATIONS 

• GENERAL PURPOSE AMPLIFIER 

• ANALOG COMPUTATION 

• PRECISION BUFFER 

• LOW DRIFT INTEGRATOR 

• BRIDGE AMPLIFIER 

• STABLE REFERENCE CIRCUITS 


typical performance curves. Both current and voltage 
noise are low, including the low frequency “flicker” 
and “popcorn” noise which usually prevent the use of 
IC op amps for low-level signal processing. 

The 3500 is internally compensated for unconditional 
stability for all feedback configurations, even with 
capacitive loads. The slew rate is independent of 
supply voltage level. The input stage of the 3500 
series exhibits no latch-up when the common-mode 
voltage range is exceeded. The input impedance 
remains high with differential inputs as high as ±30 
volts, thus the amplifier can be used as a sensitive 
comparator. The output stage is internally current- 
limited to provide protection against continuous 
short circuits. The 3500 is interchangeable with 741 
type amplifiers but gives greatly improved performance. 



Equivalent Circuit Diagram 
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SPECIFICATIONS 

ELECTRICAL 

Typical at Ta = +25°C and ±Vcc = 15VDC unless otherwise noted. 


MECHANICAL 


MODEL 


3500 SERIES 



3500A 

3500R 

3500B 

3500S 

3500C 

3500T 

3500E 

OPEN-LOOP GAIN.DC, no load, min 

93dB 

* 

* 

100dB** 

RATED OUTPUT 





Voltage, min 

±10V 


* 


Current, min 

±10mA 




Output Impedance 

2kH 


* 

IkO 

FREQUENCY RESPONSE 





Unity Gain, Small Signal 

1.5MHz 


* 


Full Power Sine Wave, min 

10kHz 

12kHz 

15kHz 

12kHz 

Slew Rate, min 

0.6V/Msec 

0.8V/#iSec 

1 .0V/jisec 

0.8V/Vsec 

INPUT OFFSET VOLTAGE 





Initial Offset at 25°C, max 

±5 mV 

±2 mV 

±1mV±500/uV 

±500 m V 

Avg. vs Temp. (-25°C to +85°C) max 

±20mV/°C (A) 

±5mV/°C (B) 

±3 M V/°C (C) 

+1mV/°C 

(-55°C to +125°C) max 

±20/iV/°C (R) 

±10mV/°C(S) 

±5fxV/ 0 C (T) 

- 

vs Supply Voltage 

±40 m V/V 


* 


vs Time 

±2 M V/day 



±5 M V/mo 

INPUT BIAS CURRENT 





At 25°C (either input), max 

±30nA 

±20nA 

±15nA 

±50nA 

Avg. vs Temp. (-25°C to +85°C) max 

±1 ,0nA/°C (A) 

±0.5nA/°C (B) 

±0.3nA/°C (C) 

±0.5nA/°C 

(-55°C to +125°C) max 

±1 ,5nA/°C (R) 

±1.0nA/°C (S) 

±0.5nA/°C (T) 

- 

vs Supply Voltage 

±0.2nA/V 


* 

* 

INPUT DIFFERENCE CURRENT 





At 25°C 

±15nA 

±10nA 

±7nA 

±30nA, max 

Avg. vs Temp. (-25°C to +85° C) 

±0.5nA/°C (A) 

±0.2nA/°C (B) 

±0.1nA/°C (C) 

±0.3nA/°C, max 

(-55°C to +125°C) 

±0.7nA/°C (R) 

±0.5nA/°C (S) 

±0.2nA/°C (T i 

— 

vs Supply Voltage 

±0.1 nA/V 


* 

* 

INPUT IMPEDANCE 





Differential 

107011 3pF 


* 


Common Mode 

5x1090 || 3pF 


* 


INPUT NOISE 





Voltage, 0.01 Hz to 1 0Hz, p-p 

2.0/uV 




10Hz to 10kHz, rms 

1.4 m V 


* 


Current, 0.01Hz, p-p 

200pA 


* 


10Hz to 10kHz, rms 

35 p A 




INPUT VOLTAGE RANGE 





Common-mode Voltage, min 

±1 IV 


* 


Common-mode Rejection at ±10V 

lOOdB 




Maximum Safe Input Voltage*** 

±Vcc 




POWER SUPPLY 





Voltage, rated specification 

±15V 




Operating Range 

±3V to ±20V 


* 


Current, quiescent, max 

±3. 5mA 


* 


TEMPERATURE 





Operating, Rated Specs A, B, C 

-25° C to +85° C 


* 


R, S, T 

-55°C to +125°C 



- 

Storage 

-65°C to +150°C 


* 



TO-99 




Weight: 1.0 grams 



INCHES 

MILLIMETERS 





A 

.335 

.37 0 

8.51 

9.40 

B 



7.75 

8.51 

C 

.165 

.185 

4.19 

4.70 

D 

wsm 

.021 

0.41 

0.53 

E 

.010 

mm 


BEai! 

F 

.010 

.040 

025 _ 

102 I 

G 

.200 BASIC 

5.08 BASIC 

H 


.034 

0.71 

mm 

J 

.029 

.045 

0.74 

1.14 

K 

.500 

_ 

12.7 


L 

.110 

160 

2.79 

MEM 

M 

45° BASIC 

45° BASIC 

N 

.095 [ .105 

2.41 | 2.67 


PIN CONFIGURATION 


‘Specifications the same as the 3500A or 3500R. “Typical. 

*‘*lf signal voltage is applied to the input in the absence of power supply voltage, series resistance should 
be used to limit input current to 20mA. 




ABSOLUTE MAXIMUM RATINGS 


OFFSET 

NC* 

,^+Vcc 


+20VDC 


NULL ^*7" 


7 J 

Internal Power Dissipatinn(l) 

500mW 




V 

Differential Input Voltage(2) 

+40VDC 




\ 

Input Voltage Range<2) 

+20VDC 

■ ■ 

-INPUT ( 2 JI 

Top View 

m OUTPUT 

Storage Temperature Range 

-65° C to +150° C 


\ 


J 

Operating Temperature Range 

-55° C to +125° C 



k A 


Lead Temperature i Soldering. 10 seconds 

+300° C 

H H 



5 ) OFFSET 

Output Short Circuit Duration(3) 

Continuous 


+ INPUT 

0 

NULL 

Junction TemDerature 

+ 1 50° C 



-Vcc CASE 


: 




NOTES: 

1 . Package must be derated based on: 0jc = 45°C/W or 0 ja = 150°C/W. 

2. For supply voltages less than ±20VDC the absolute maximum input voltage is equal to the supply voltage 

3. Short circuit may be to power supply common only. Rating applies to +85°C ambient. 

*No Internal Connection 
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TYPICAL PERFORMANCE CURVES 

( At Ta = +25° C and ±Vcc = 15VDC unless otherwise specified) 








APPLICATIONS INFORMATION 

OFFSET ADJUSTMENT 

The input offset voltage of the Model 3500 may be 
adjusted to zero by connecting a 50kO potentiometer 
between pins 1 and 5 with the wiper arm connected to 
negative supply (Figure la). This provides an adjustment 
range of approximately ±10mV. This offset control is 
optional and may be omitted if the specified offset is 
considered sufficiently low. 

Adjustment of the input offset voltage of the 3500 will 
affect the voltage drift to some extent. A rough “rule-of- 
thumb” is ±3juV/°C change of drift for each l.OmV of 
offset adjustment. This is true of other IC op amps, such 
as the 741, 101, etc., but is usually masked by the greater 
drift of these units. However, in low drift amplifiers, such 
as the 3500C and 3500T, this effect must be considered. 
By use of a transistor as in Figure 1 the effect of offset 
adjustment on drift can be substantially reduced (by 
approximately a factor of six). 



FIGURE 1. Offset Adjustment Techniques. 


BIAS CURRENT EFFECTS 

Input bias current of the amplifier creates additional 
offset voltages by flowing in the impedances of the signal 
source and the feedback network. Although the bias 
currents of the 3500 are quite small, their effects: may be 
appreciable when these impedances are large. The bias 
currents at the two inputs tend to be equal and the differ- 
ence current smaller than either. Thus equalizing the 
resistance from each input to common, as in Figure 2, is 
an effective means of reducing DC offset due to bias 
current. 



FIGURE 2. Minimization of Bias Current Effects. 


OPERATION ON A SINGLE SUPPLY 

Although virtually any op amp can be operated on a 
single supply if input and output voltage limitations are 
observed, the Model 3500 is particularly suitable for such 
use. Its wide supply range of ±3VDC to ±20VDC trans- 
lates to a single supply operating range of 6VDC to 
40VDC, plus or minus. Two possible modes of operation 
on a single supply are shown in Figure 3. The following 
conditions must be observed to keep the amplifier within 
its linear region of operation. 

1) +2 < Vo<(Vcc-2) 

2) +3 < V in < (Vcc - 3), Figure 3b 


When operating on a single supply (+V (t ), shorting the 
output to common is equivalent to a short to supply and 
the internal power dissipation is approximately twice 
that which, occurs for a short to common with balanced 
supplies of±^- . This dissipation may exceed safe limits 
for single supply voltages greater than 20V and must be 
prevented by use of a series limiting resistor or other 
device, if short circuit protection is desired. 



FIGURE 3. Operation on a Single Supply. 


WIRING PRECAUTIONS 

In order to prevent high frequency oscillations due to 
lead inductance the power supply leads should be bypassed. 
This should be done by connecting a 10/iF tantalum 
capacitor in parallel with a 0.001/uF ceramic capacitor 
from pins 7 and 4 to the power supply common. 


TYPICAL APPLICATIONS 
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Matched Low Bias Current 1C 
OPERATIONAL AMPLIFIERS 


FEATURES 

TWO MONOLITHIC OP AMPS WITH ... • LOW NOISE. 1.4|iV p-p 

• LOW BIAS CURRENT. 50nA max 

• MATCHEO OFFSET VOLTAGES -A Vos = 200pV max • INTERNAL COMPENSATION 

• MATCHED DRIFT. AVos vs Temp. = 1pV/°C max * WIDE POWER SUPPLY RANGE 


APPLICATIONS 

• INSTRUMENTATION AMPLIFIERS 

• MULTISTAGE ACTIVE FILTERS WITH LOW 

OUTPUT OFFSET 

DESCRIPTION 

Close process control and careful grading by Burr- 
Brown make possible a new dimension in IC op amps 
- drift matched pairs. Drifts as low as 1 /jl\ j°C may be 
obtained using the 3500MP op amps. The 3500MP 
IC’s are selected from Burr-Brown’s 3500 series of op 
amps, thus all the features of the 3500 series are 
automatically found in the 3500MP. This enables the 
3500MP to provide very-low drift (l/uV/°C) with 
very-low noise (1.4/liV p-p) without sacrificing speed. 
(Slew rate 0.8V/>sec min.) 

The 3500 IC op amps are designed for low input 
current while maintaining slew rate and bandwidth 
adequate for most applications. The low input bias 
current is achieved by a unique bias current 
cancelling circuit. This method insures that the bias 
current remains low over the full temperature and 
common-mode voltage ranges. The same circuitry 
gives the amplifier high input impedance, both 
differential and common-mode. 


• LOW DRIFT SINGLE-ENDED AMPLIFIERS WITH 

LOW NOISE 

• DUAL CHANNEL AMPLIFIERS WITH MATCHED 

DRIFT 


All units of the 3500E series are 100% temperature 
tested for voltage and current drift. The 3500 is also 
one of the lowest noise IC op amps yet produced, as 
illustrated by the curves on page 1-68. Both current 
and voltage noise are low, including the low 
frequency “flicker” and “popcorn” noise which 
usually prevent the use of IC op amps for low-level 
signal processing. 

The 3500 is internally compensated for 
unconditional stability for all feedback 
configurations, even with capacitive loads. The slew 
rate is independent of supply voltage level. The input 
stage of the 3500 series exhibits no latch-up when the 
common-mode voltage range is exceeded. The input 
impedance remains high with differential inputs as 
high as ±30V. The output stage is internally current 
limited to provide protection against continuous 
short circuits. The 3500 is interchangeable with 741 
type amplifiers but gives greatly improved 
performance. 


International Airport Industrial Park • P.0. Box 11400 • Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 

Specifications typical at 25°C and ±15 Vdc power supply unless otherwise noted. 
0" wo matched operational amplifiers Burr-Brown 3500 type) 



MODEL 

3500MP ^ 

(Both Units) 

OPEN LOOP GAIN 

100 dB 

RATED OUTPUT 

Voltage 

Current 

Output Impedance 

±10 V, min. 

±10 mA, min. 

1 k-n- 

FREQUENCY RESPONSE 

Unity Gain, Small Signal 

Full Power Sine Wave 

Slew Rate 

1.5 MHz 

12 kHz, min. 

0.8 V/psec, min . 

INPUT OFFSET VOLTAGE V osl , V os2 
Initial Offset @25°C 

Avg. vs. Temp. (-25 to +85 C) max. 
vs. Supply Voltage 
vs. Time 

± 2 mV, max. 

± 5 pV/°C 
± 40 p V/ V 
±5 pV/mo 

DIFFERENTIAL INPUT OFFSET VOLTAGE 

AV os = |V os , -V os2 | 

Initial Offset @ 25°C 

Avg. vs. Temp. (-25 to +85°C) max. 

±200 pV, max . 
±1.0pV/°C 

INPUT BIAS CURRENT 

@ 25°C (either input) 

Avg. vs. Temp. (-25°C to +85°C) max. 
vs. Supply Voltage 

± 50 nA, max. 

±0.5 nA/°C 
±0.2 nA/V 

INPUT DIFFERENCE CURRENT 

@ 25°C 

Avg. vs. Temp. (-25°C to +85°C) 
vs. Supply Voltage 

±25 nA 
±0.25 nA/°C 
±0.1 nA/V 

INPUT IMPEDANCE 

Differential 

Common Mode 

10 7 ^ II 3 pF 

5 x 10 9 ^ 1 1 3 pF 

INPUT NOISE 

Voltage, 0.01 Hz to 10 Hz, p-p 

10 Hz to 10 kHz, rms 

Current, 0.01 Hz to 10 Hz, p-p 

10 Hz to 10 kHz, rms 

2.0 pV 

1 .4 pV 

200 pA 

35 pA 

INPUT VOLTAGE RANGE 

Common Mode Voltage 

Common Mode Rejection @±10 V 
Maximum Safe Input Voltage * 

±11 V, min. 

100 dB 
± supply 

POWER SUPPLY 

Voltage, Rated Specification 

Operating Range 

Current, Quiescent 

±15 V 

± 3 to ± 20 V 
±3.5 mA, max 

TEMPERATURE RANGE 

Operating Ambient 
^ Storage 

-25 to +85°C 
-65 to +125°C j 


* If signal voltage is applied to the input in the absence of power 
supply voltage, series resistance should be used to limit input 
current to 20 mA. 



OFFSET ADJUSTMENT 

The input offset voltage of the Model 3500 may be adjusted to 
zero by connecting a 50 k ./*. potentiometer between pins 1 and 5 
with the wiper arm connected to negative supply (Figure la). This 
provides an adjustment range of approximately ±10 mV. This offset 
control is optional and may be omitted if the specified offset is 
considered sufficiently low. 

Adjustment of the input offset voltage of the Model 3500 will 
affect the voltage drift to some extent. A rough "rule-of-thumb" 
is ±3 pV/°C change of drift for each 1 .0 mV of offset adjustment. 
This is true of other 1C op amps, such as the 741, 101, etc., but 
is usually masked by the greater drift of these units. However, in 
low drift amplifiers this effect must be considered. By use of a 
transistor as in Figure lb the effect of offset adjustment on drift can 
be substantially reduced (by approximately a factor of six). 

Whenever possible adjust Vosl to equal V 0$ 2 (zero differential 
offset). Do not adjust V Q$ i = 0 = V os 2 unless absolutely necessary. 
If both V os l and V os 2 are adjusted to zero, the drift compensated 
adjustment technique (Figure lb) must be used or the A V os drift of 
1 pV/°C will be adversely affected. 
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COMMON MODE VOLTAGE OUTPUT VOLTAGE (V, PEAK) OUTPUT VOLTAGE (V, PEAK) INPUT NOISE VOLTAGE 

RANGE (V, PEAK) ^V, rms) 


TYPICAL PERFORMANCE CURVES 


(vO. +25°C and ±15 Vdc unless otherwise specified) 


RMS INPUT NOISE VOLTAGE vs. 
SOURCE RESISTANCE 


l 58jmii iiaa5iM 

mmmmKimuim 

IIH ■iilfilUSil 
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lie 10 k 100 k 1M 
SOURCE RESISTANCE (^ ) 

OUTPUT VOLTAGE vs. 
FREQUENCY 
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10k 100k 

FREQUENCY (Hz) 

OUTPUT VOLTAGE vs. 
OUTPUT CURRENT 



P-P INPUT NOISE VOLTAGE vs. 
SOURCE RESISTANCE 



lk 10k 100k 1M 

SOURCE RESISTANCE U) 


VOLTAGE FOLLOWER 
STEP RESPONSE 



10 20 30 40 50 
TIME (ms) 

OUTPUT VOLTAGE vs. 
SUPPLY VOLTAGE 
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OUTPUT CURRENT (mAl 


4 8 12 16 20 

SUPPLY VOLTAGE (±V) 


INPUT BIAS CURRENT vs. 
TEMPERATURE 



-50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 

OPEN LOOP FREQUENCY 
RESPONSE 

, | 1 v = ±3 V to ±20 V-| 


1 10 100 lklOklOOklM 10M 
FREQUENCY (Hz) 

VOLTAGE GAIN vs. 
SUPPLY VOLTAGE 



0 4 8 12 16 20 

SUPPLY VOLTAGE (±V) 


COMMON MODE RANGE vs. POWER SUPPLY REJECTION vs. COMMON MODE REJECTION vs. 

SUPPLY VOLTAGE FREQUENCY FREQUENCY 



0 4 8 12 16 20 1 10 100 lklOklOOklM 1 10 100 1 k lOklOOk 1M 10M 

SUPPLY VOLTAGE (±V) FREQUENCY (Hz) FREQUENCY (Hz) 
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BIAS CURRENT EFFECTS 

Input bias current of an amplifier can generate additional small 
offset voltages by flowing through the equivalent input source 
resistances. Although the bias currents for the 3500MP are 
quite small, the current-generated offset voltages may be 
significant for source resistances greater than 1 k -a. . When 
using the matched 3500MP amplifiers to obtain offset voltage 
drifts on the order of 1 pV/°C particular attention must be given 
to the input bias currents. Because of the great number of 
circuit configurations involving two operational amplifiers, 
it is only possible to give some general guidelines for minimi- 
zing bias current effects. 



FIGURE 2. Bias Current Effects. 



FIGURE 3. A V , vs. Source Resistance, 
os 



1 10 

100 

1 k 

10k 100k 




R s 


FIGURE 4. A V os Drift vs. Source Resistance. 


Bias currents generate offset voltages in two ways. If Igii = Ig^ 
(see Figure 2a) no offset will be generated by Igjj and lg]2 

:£ „ _ R 11 R 12 


However, in general, Ig^-j = Ig^ + l os i where l os j is the input 
offset current of op amp I. I QS will vary from unit to unit and 
l QS is also subject to drift with time and temperature. Fortunately 
l os is normally much less than Ign- Therefore we may minimize 


effects of bias current by making theThevenin equivalent input 

resistances equal (i . e . _ _ ^11^12 ) and the effects of L. 

r 13 “ d rp — os 

R 11 +R 12 


may be minimized by making the equivalent source resistances 
small. Keep in mind that in some two amplifier circuits the 
"differential" bias current (A|g = Ig-j^ - Ig^) generate the 
predominate source of bias current errors. 


Similarly for the circuit configuration of Figure 2b bias current 
effects are minimized by setting 



The effect of offset currents are summarized in Figures 3 and 4 
which plot offset voltage (A V os ) between the two amplifiers 
and AV QS drift as a function of source resistance (R $ ). Curves 
for a single 3500B type amplifier and an FET input 3503B) 
amplifier are included for comparison. Note that a 3500MP 
provides superior performance for low source resistance. 


THERMAL CONSIDERATIONS 

The very low AV 0S drift specification for the 3500MP assumes 
both integrated circuits have the same "chip" temperature. A 
metal clip is furnished with the 3500MPto provide close thermal 
matching between the two device cases. However, care should 
be taken to see that each op amp drives approximately the same 
load or thermal offsets will result due to internal self heating. 
In any case thermal offsets are much less critical with the 
3500MP than with matched transistors. A 1°C temperature offset 
will cause a voltage offset in a matched pair of transistors of 
about 2.5 mV but the A V os of a 3500MP will be only 5 pV for 
1°C temperature offset. 
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APPLICATIONS 

COMPOSITE LOW DRIFT OP AMP HIGH INPUT IMPEDANCE 


The two matched op amps in the 3500MP may be connected to 
simulate a single op amp with very low initial offset voltage and 
drift. The circuit shown in Figure 5a may be used in any con- 
ventional op amp circuit to obtain low drift. A typical feedback 
circuit with an inverting gain of 100 is shown in Figure 5c. 
Note the addition of Rg, R^, and R^ to minimize bias current 
effects on the offset voltage. 

The composite op amp will be stable in circuits with voltage 
gains greater than about three. For lower voltage gains the 
compensation shown in Figure 5b may be used if required. For 
unity gain non-inverting operation, the compensation technique 
of Figure 5b will not decrease the composite amplifier bandwidth 
below the bandwidth of the individual op amps. 



DIFFERENTIAL AMPLIFIER 

The circuitin Figure 7 acts as a high input impedance differential 
amplifier provided R] / R 2 = R 4 / ^ 3 * A mismatch of resistance 
ratios results in a common mode gain A q as shown below. In 
addition to finite common mode gain, a resistance mismatch 
causes a differential gain error equal to A^/Aq. Notice that 
the output offset error is proportional to AV os which is made 
very small by the matching of the two op amps. (In most 
practical cases A p A V os » A c (V osl + V os2 ) / 2.) 



FIGURE 7. Differential Amplifier. 


LOW PASS FILTER WITH LOW DC ERROR 

Multistage low pass active filters often have large amounts of 
d.c. offset and drift because the offsets of the op amps used 
tend to add. The inverting synthesis technique shown in Figure 6 
to realize each pole pair causes the amplifier offset voltages to 
cancel if they are matched. The net offset error without trim- 
ming will be less than 400 pV and the total drift of the filter is 
less than 2 pV/°C. The output d.c. error is made essentially 
independent of bias current effects by choosing small resistor 
values. However the small resistance values limit the maximum 


output voltage to about 1 .0 V p-p and R[_ > 125 ■*-. 



FIGURE 6 . 4 Pole Low Pass Butterworth Filter; f Q = 1 kHz. 
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Low Bias Current 
OPERATIONAL AMPLIFIERS 


FEATURES 

• LOW BIAS CURRENT, ±3nA, max 

• LOW DRIFT. ±5|iV/°C, max ±30pA/°C, max 

• LOW NOISE. 0.8|jV. p-p 30pA. p-p 

• WIDE SUPPLY RANGE. ±3VDC to +20VDC 

• INTERNAL COMPENSATION 

• REPLACES 108 AND 741 TYPE AMPLIFIERS 


DESCRIPTION 

The 3501 series is designed to minimize input voltage 
drift and input bias current, without resorting to 
exotic processing. The low input bias current is 
achieved by a current cancellation technique 
developed by Burr-Brown’s IC Engineering Group. 
The same input circuitry gives the 3501 very-high 
input impedance, both differential and common- 
mode. Internal current levels of the amplifier are 
maintained essentially constant over the full range of 
supply voltages by relying on basic semiconductor 
properties and device matching. The result is that 
major performance parameters - open-loop gain, 
bias current, voltage drift, slew rate and output 
current - are affected only slightly by wide variations 
of supply voltage. Quiescent power drain is quite low 
over the supply voltage range. 

The 3501 is internally compensated for 
unconditional stability in all feedback 
configurations, even with capacitive loads. Thus it is 
interchangeable with both 741 and 108 type 
amplifiers (eliminating the external frequency 
compensation required of 108 type amplifiers). 


Because of the unique input stage design of the 3501, 
its common-mode rejection is very-high ( 1 OOdB). The 
result is excellent linearity (.01% or better) as a 
noninverting buffer. Also the input stage exhibits no 
latch-up when the common-mode voltage range is 
exceeded. The input impedance remains high for 
input voltages up to the value of the supply voltages. 

The output stage is internally current limited to 
provide protection against continuous circuits. 

All units of the 3501 series are 100% tested to all 
min /max specifications - including voltage and 
current drift versus temperature. Units are drift 
selected with maximum specifications at ±5yuV/ 0 C, 
±10 mV/°C and ±20juV/°C. Both military and 
industrial temperature range versions are offered. 
The 3501 is also a very-low noise amplifier. Both 
current and voltage noise are low, including the low 
frequency “flicker” and “popcorn” noise which 
usually dictate against the use of utility op amps, such 
as the 741, for low-level signal processing. 
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3501 






SPECIFICATIONS 


ELECTRICAL SPECIFICATIONS 


Typical at 25° C and ±15 Vdc unless otherwise noted. 


MODEL 


OPEN LOOP GAIN , dc, no load 

93 dB, min 

RATED OUTPUT 


Voltage 

±10V, min 

Current 

±5 mA, min 

Capacitive Load Range 

0 to 1000 pF 

Output Impedance 

2k A 

FREQUENCY RESPONSE 


Unity Gain, Open Loop 

0.5 MHz 

Full Power Sine Wave 

1.6kHz, min 

Slew Rate 

0. 1 V/psec, min 

INPUT OFFSET VOLTAGE 


Initial Offset @ 25°C 

±5 mV, max 

Avg. vs. Temp. (-25° to +85°C) max 

±20 pV/°C (A) 

(-55° to +125°C) max 

±20 M V/°C (R) 

vs. Supply Voltage 

±40 mV/V 

vs. Time 

±2 pV/day 

INPUT BIAS CURRENT 


@ 25°C 

±15 nA, max 

Avg. vs. Temp. (-25° to +85°C) max 

±0.2 nA/°C (A) 

(-55° to +125°C) max 

±0.2 nA/°C (R) 

vs. Supply Voltage 

±30 pA/V 

INPUT DIFFERENCE CURRENT 


@ 25°C 

±5 nA 

Avg. vs. Temp. (-25° to +85°C) 

±0.1, nA/°C (A) 

(-55° to +125°C 

±0.1 nA/°C (R) 

vs. Supply Voltage 

±10 pA/V 

INPUT IMPEDANCE 


Differential 

5 x 167 ^ || 3 P F 

Common Mode 

10l0 a || 3 pF 

INPUT NOISE 


Voltage, .01 Hz to 10 Hz, p-p 

2 pV 

10 Hz to 10 kHz, rms 

1 . 4 p V 

Current, .01 Hz to 10 Hz, p-p 

66 pA 

10 Hz to 10 kHz, rms 

12 pA 

INPUT VOLTAGE RANGE 


Common Mode Voltage 

±1 1 V, min 

Common Mode Rejection @ ±10V 

100 dB 

Max. Safe Input Voltage 

±supply** 

POWER SUPPLY 


Voltage, rated specification 

±15 Vdc 

Operating Range 

±3V to ±20V 

Absolute Max 

±22 Vdc 

Current, quiescent 

±1 .5 mA, max. 

TEMPERATURE RANGE 


Operating, Rated Specs A, B, C 

-25° to +85°C 

R, S 

-55° to +125°C 

Storage 

-65° to +150°C 



TO-99 PACKAGE 

Specify 3501 A, etc. 



L 


Bottom View 


Note: Dimensions in millimeters are 
shown in parentheses. 


PIN CONNECTIONS 

1) NULL 

5) NULL 

2) -IN 

6) OUTPUT 

3) +IN 

7) V+ 

4) V-* 

8) N.C. 

4 Pin 4 connected to case 


* Specifications same for all models. * * If input voltage is applied in the absence of power supply 
voltage, series resistance should be added to limit current 
flow to ±20 mA. 
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APPLICATIONS 

INFORMATION 

OFFSET ADJUSTMENT 

The input offset voltage of the Model 3501 may be adjusted to 
zero by connecting a 50 k ^ potentiometer between pins 1 and 5 
with the wiper arm connected to negative supply (Figure la). This 
provides an adjustment range of approximately ±10 mV. This 
offset control is optional and maybe omitted if the specified offset 
is considered sufficiently low. 

Adjustment of the input offset voltage of the 3501 will affect the 
voltagedrift to some extent. A rough "rule-of-thumb" is ±3 pV/°C 
change of drift for each 1 .0 mV of offset adjustment. This is true 
of other 1C op amps, such as the 741, 101, etc., but is usually 
masked by the greater drift of these units. However, in low drift 
amplifiers, such as the 3501C, this effect must be considered. By 
use of a transistor as in Figure 1 the effect of offset adjustment on 
driftcan be substantially reduced (by approximately a factor of six). 



BIAS CURRENT EFFECTS 

Inputbias currentof the amplifier creates additional offset voltages 
by flowing in the impedances of the signal source and the feedback 
network. Although the bias currents of the 3501 are quite small, 
their effects maybe appreciable when these impedances are large. 
The bias currents at the two inputs tend to be equal and the differ- 
ence current smaller than either. Thus equalizing the resistance 
from each input to common, as in Figure 2, is an effective means 
of reducing DC offset due to bias current. 



FIGURE 2. Minimization of Bias Current Effects. 


OPERATION ON A SINGLE SUPPLY 

Although virtually any op amp can be operated on a single supply 
if input and output voltage limitations are observed, the Model 
3501 is particularly suitable for such use. It's wide supply range 
of ±3 to ±20 Vdc translates to a single supply operating range of 
6 to 40 Vdc, plus or minus. Two possible modes of operation on a 
single supply are shown in Figure 3. The following conditions must 
be observed to keep the amplifier within its linear region of 
operation . 

1) +2 < e Q < (V s - 2) 

2) +3 < e s < (V s - 3), Figure 3b 

When operating on a single supply (V s ), shorting the output to 
common is equivalent to a short to supply and the internal power 
dissipation is approximately twice that which occurs for a short to 
common with balanced supplies of ± ^s . This dissipation may 

2 

exceed safe limits for single supply voltages greater than 20 volts 
and must be prevented by use of a series limiting resistor or other 
device, if short circuit protection is desired. 



FIGURE 3. Operation on a Single Supply. 
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Fast-Slewing 

OPERATIONAL AMPLIFIER 


FEATURES 

• 1 20V/ M sec SLEW RATE 

• 20MHz GAIN-BANDWIDTH PRODUCT 

• INTERCHANGEABLE WITH 741 TYPES 

DESCRIPTION 

Burr-Brown model 3507J is intended for use in 
circuits requiring fast transient response-pulse am- 
plifiers, D/ A converters, comparators, fast followers, 
etc. Key parameters such as slew rate, settling time 
and bandwidth are orders of magnitude better than 
for most other IC op amps. 

The 3507J is compensated to allow faster slewing and 
greater bandwidth for gains of 3 or more. For gains 
greater than 3, the gain rolloff is 6dB/ octave. By use 
of a single external 20pF compensation capacitor the 
3507J can be stabilized at all gains including unity. In 
addition, by use of an. alternate compensation 
technique, it is possible to stabilize the 3507J at unity 
gain without sacrificing its faster slew rate. 

The 3507J is pin-compatible with other standard IC 
op amps while offering greater speed and higher 
output current. It also is input- and output-protected 
to prevent damage if the output is shorted to 
common, or the input is shorted to supply voltage. 
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3507J 







SPECIFICATIONS 


MECHANICAL 


ELECTRICAL 

Typical at±15VDC and +25°C unless otherwise noted. 


MODEL 

3507J j 


TYPICAL 

GUARANTEED | 

| OPEN-LOOP GAIN, DC ) 

1 No Load 

mas 


| 2kHLoad 

83d B 

77dB | 

| RATED OUTPUT | 

Voltage (Ikft load) 

±12V 

±10V 

Current 

±20mA 

±10mA 

| DYNAMIC RESPONSE | 

Small Signal Bandwidth (OdB) 

- 


Gain-Bandwidth Product (Acl = 10) 

20MHz 


Full Power Bandwidth 

1.6MHz 

1.2MHz 

Slew Rate 

120V/mS6C 

80V/)usec 

Settling Time (0.1%) 

200nsec 


Rise Time (10-90%, small signal) 

25nsec 

50nsec 

Overshoot 

- 

- 

| INPUT OFFSET VOLTAGE | 

Initial (without adjust) at +25°C 

±5 mV 

±10mV 

Over Temperature 


±14mV 

(avg. 0°C to +70°C) 

±30 M V/°C 


vs Supply Voltage 

±30 m V/V 

200 M V/V 

vs Time 

±50 M V/mo 


| INPUT BIAS CURRENT | 

Initial at+25°C 

+50 n A 

+250nA 

Over Temperature 


+500 n A 

(avg.0°C to +70°C) 

±0.5nA/°C 


| INPUT DIFFERENCE CURRENT J 

Initial at+25°C 

±20 n A 

±50 n A 

Over Temperature 


±100nA 

(avg. 0°C to +70°C) 

±0.1 nA/°C 


| INPUT IMPEDANCE f 

Differential 

100MH || 3pF 


Common-Mode 

1000M11 || 3pF 


| INPUT VOLTAGE RANGE j 

Common-Mode (linear operation) 

±12 V 

±10V 

Differential (between inputs) 


±15V 

Absolute Max (either input) 


±Supply 

Common-Mode Rejection 

90dB 

74dB 

| POWER SUPPLY | 

Rated Voltage 


±15VDC 

Voltage Range, derated 

±8V to ±20 V 


Current, quiecscent 

±4mA 

±6mA 

| TEMPERATURE RANGE J 

Specifications 


0°C to +70°C 

Operating 


-25° C to +85° C 

Storage 


-65° C to +150°C 


TO-99 PACKAGE 




NOTE: 

Leads in true position within 0.10" 
(0.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 

Numbers may not be marked on package. 



INCHES 


UQBB 

I2EES 

mmi 

IQHH! 

A 

.335 

.370 

8.51 

9.40 

B 

.305 

.335 

7.75 

8.51 

c 

.165 

.185 

4.19 

4.70 

D 

.016 

.021 

0.41 

0.53 

E 

.010 

.040 

0.25 

1.02 

F 

.010 

.040 

0.25 

1.02 

G 

.200 BASIC 

5.08 BASIC 

H 

.028 

.034 

0.71 

0.86 

J 

.029 

.045 

0.74 

1.14 

K 

.500 



12.7 

— 

L 

.110 

.160 

2.79 

4.06 

M 

45° BASIC 

45° BASIC 

N 

.095 

.105 

2.41 | 2.67 


CONNECTION DIAGRAM 
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TYPICAL PERFORMANCE 


(At +25° C and ±15VDC, unless otherwise specified) 


NORMALIZED AC PARAMETERS 
VS TEMPERATURE 



75 -50 -25 0 +25 +50 +75 +100 +125 

Temperature (°C) 


OUTPUT VOLTAGE SWING 
VS FREQUENCY* 



10k 100k 1M 10M 100 

Frequency (Hz) 

‘With no external compensation 
capacitance. 


NORMALIZED AC PARAMETERS 
VS SUPPLY VOLTAGE AT +25°C 



±10 ±15 ±20 

Supply Voltage (VDC) 


-Loop 
Sain (dB' 


WES 




10 100 Ik 10k 100k 1M 10M 100M 


Frequenv (Hz) 

‘Capacitance values shown are external compensation 
from pin 8 to Common. 


EQUIVALENT INPUT NOISE 
VS BANDWIDTH 



100 Ik 10k 100k 1M 

Upper 3dB Frequency (Hz) 

(Lower 3dB Frequency - 10Hz) 



10 100 Ik 10k 100k 1M 10M 100M 


Frequency (Hz) 








APPLICATIONS 

BANDWIDTH COMPENSATION 

The frequency response of the 3507 J can be adjusted by use 
of an external compensation capacitor from pin 8 to 
common, as shown in Figure 1. The open-loop frequency 
response curves illustrate the effect of various values of 
capacitance. The 3507J is stable for gains of 3 or greater 
without external compensation (subject to the same limits 
on stray and load capacitance and resistance levels). A 20pF 
compensation capacitor will stabilize the 3507J for all values 
of gain, at the sacrifice of bandwidth and slew rate. 

The circuit of Figure 2 illustrates another approach to 
compensation of the 3507J. This method yields unity gain 
stability without sacrificing slew rate. 

STABILITY 

Because the 3507J is an extremely fast amplifier with high 
gain, stray wiring capacitance and inductance in power 
supply leads can cause circuit oscillation. This can be 
prevented by proper circuit layout (all leads or patterns as 
short as possible) and by properly by-passing the power 
supply lines to common at points close to the amplifier. In 
addition, it is recommended that the load be bypassed by a 
50pF capacitor; see Figure 1. 

OFFSET VOLTAGE ADJUSTMENT 

Although the offset voltage of this amplifier is only a few 
millivolts, it may be desirable in some cases to null this 
offset. This is done by use of a 20kH potentiometer as shown 
in Figure 3. 

TEST CIRCUIT - DYNAMIC RESPONSE 

The test circuits of Figure 4 are used for measurement of 
slew rate, settling time, rise time and overshoot. Both rise 
time and overshoot are measured under small signal 
conditions (Vout = ±200mV). Slew rate and settling time 
are measured for a 10V, p-p, square wave. 



FIGURE 1. Compensated Amplifier with Supply and 


Load Bypassing. 



FIGURE 2. Alternate Method for Unity - Gain 
Compensation of 3507J. 



FIGURE 3. External Adjustment of Offset Voltage. 



FIGURE 4. Dynamic Response Test Circuits. 
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Wideband 

OPERATIONAL AMPLIFIER 


FEATURES 

• lOOmHz GAIN BANDWIDTH PRODUCT 

• 5nA INPUT BIAS CURENT 

• 103dB OPEN-LOOP GAIN 

• INTERCHANGEABLE WITH 741 TYPES 

DESCRIPTION 

Burr-Brown model 3508J is a wideband operational 
amplifier intended for use in circuits requiring 
extended bandwidth and high gain. Typical examples 
of applications are: RF signal amplifiers, fast 
recovery voltage references, high speed integrators, 
high frequency active filters, and photodiode am- 
plifiers. 

Model 3508J is internally compensated for stability 
at gains greater than five. The 3508J can be externallv 
compensated by use of a single capacitor, and can 
thus be stabilized at any value of gain. By use of an 
alternate compensation scheme the 3508J can be 
stabilized at unity gain without sacrificing slew rate. 
In addition to its wide bandwidth and high gain the 
amplifier has a number of other significant ad- 
vantages over other IC op amps; low bias current, 
high output current, and high common-mode re- 
jection. Inputs are protected against voltages up to 
the value of the power supplies. The output is 
current-limited to provide short-circuit protection. 
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3508J 






SPECIFICATIONS 


ELECTRICAL 

Typical at±15VDC and +25° C unless otherwise noted. 


MODEL 

3508J | 


TYPICAL 

GUARANTEED | 

| OPEN-LOOP GAIN, DC f 

No Load 

106dB 


2kOLoad 

103dB 

98dB 

| RATED OUTPUT | 

Voltage 

±12V 

±10V 

Current 

- ±1 8mA 

±10mA 

| DYNAMIC RESPONSE f 

Small Signal Bandwidth (OdB) 

- 


Gain-Bandwidth Product (Acl = 10) 

100MHz 


Full Power Bandwidth 

,600kHz 

320kHz 

Slew Rate 

35V/^isec 

20V/)usec 

Settling Time (0.1%) 

- 

- 

Rise Time (10-90%, small signal) 

17nsec 

45 nsec 

Overshoot 

-- 

-- 

| INPUT OFFSET VOLTAGE | 

Initial (without adjust) at +25°C 

±3 mV 

±5 mV 

Over Temperature 


±7 mV 

(avg.0°C to +70°C) 

±30 m V/°C 


vs Supply Voltage 

±30 m V/V 

200 M V/V 

vs Time 

±50|iV/mo 


| INPUT BIAS CURRENT | 

Initial at+25°C 

+15nA 

+25 n A 

Over Temperature 


+40 n A 

(avg.0°C to +70°C) 

±0.5nA/°C 


| INPUT DIFFERENCE CURRENT | 

Initial at +25°C 

±5nA 

±25 n A 

Over Temperature 


±40 n A 

(avg.0°C to +70°C) 

±0.2nA/°C 


| INPUT IMPEDANCE j 

Differential 

300MH || 3pF 

40MH 

Common-Mode 

lOOOMn || 3pF 


| INPUT VOLTAGE RANGE | 

Common-Mode (linear operation) 

±13V 

±11V 

Differential-Mode (between inputs) 


±12V 

Absolute Max (either input) 


±Supply 

Common-Mode Rejection 

lOOdB 

74dB 

| POWER SUPPLY | 

Rated Voltage 


±15VDC 

Voltage Range, derated 

±8V to ±22 V 


Current, quiecscent 

±3mA 

±4mA 

| TEMPERATURE RANGE | 

Specifications 


0°C to +70° C 

Operating 


-25° C to +85° C 

Storage 


-65°C to +150°C 


MECHANICAL 


TO-99 PACKAGE 



NOTE: 

Leads in true position within 0.10" 
(0.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 

Numbers may not be marked on package. 


UJj 

HKBalSHi 




eqsh 

ESH 

jsggH 


ESH 

EQHI 

ECU 

im 

m 

EJBI 

ESS 

ESH 

i EH 

ESH 

IB 


ebh 

n 


E3H 

EZ9I 
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TYPICAL PERFORMANCE CURVES 

(At +25° C and ±15VDC, unless otherwise specified) 


OPEN-LOOP FREQUENCY RESONSE* 

120 
100 
80 


m 



-20 


r-r* 


^ OpF Vcc = ± 

15VDC 

25° C 




20pF 

f 1 



nS 

35pF 1 

T3 

-n 

1 

- 

1 15p 

F^ V 




300pF 






1 7 

1000pF ^ 

T^s 




— L - 



$ 

U 


10 100 Ik 10k 100k 1M 10M 


Frequeny (Hz) 


COMMON-MODE VOLTAGE RANGE 
VS SUPPLY VOLTAGE 



Supply Voltage 



'Capacitance values shown are external compensation 
from pin 8 to Common. 


OUTPUT VOLTAGE SWING 
VS FREQUENCY* 


OPEN-LOOP VOLTAGE GAIN 
VS TEMPERATURE 



Frequency (Hz) 



Temperature (°C) 


EQUIVALENT INPUT NOISE 
VS BANDWIDTH 



Upper 3dB Frequency (Hz) 
(Lower 3dB Frequency - 10Hz) 


OPEN-LOOP GAIN AND 
PHASE ANGLE VS FREQUENCY 



Frequency (Hz) 
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Phase Angle (degrees) 



APPLICATIONS 



FIGURE 1. Compensated Amplifier with Supply and 
Load Bypassing. 


BANDWIDTH COMPENSATION 

The frequency response of the 3508 J can be adjusted by 
use of an external compensation capacitor from pin 8 to 
common as shown in Figure 1 . The open-loop frequency 
response curves included in the Typical Performance 
Curves illustrate the effect of various values of capac- 
itance. The 3508J is stable for gains of 5 or greater 
without external compensation (subject to the same 
limits on stray and load capacitance and resistance 
levels). A 20pF compensation capacitor will stabilize the 
3508J for all values of gain, at the sacrifice of bandwidth 
and slew rate. 

The circuit of Figure 2 illustrates another approach to 
compensation of the 3508J. This method yields unity gain 
stability without sacrificing slew rate. 



STABILITY 

Because the 3508 J is an extremely fast amplifier with high 
gain, stray wiring capacitance and inductance in power 
supply leads can cause circuit oscillation. This can be 
prevented by proper circuit layout (all leads or patterns as 
short as possible) and by properly bypassing the power 
supply lines to common at points close to the amplifier. 
In addition, it is recommended that the load be bypassed 
by a 50pF capacitor; (see Figure 1). 



FIGURE 3. External Adjustment of Offset Voltage. 


OFFSET VOLTAGE ADJUSTMENT 

Although the offset voltage of this amplifier is only a few 
millivolts, it may be desirable in some cases to null this 
offset. This is done by use of a lOOkH potentiometer as 
shown in Figure 3. 

TEST CIRCUIT - DYNAMIC RESPONSE 

The test circuits of Figure 4 are used for measurement of 
slew rate, settling time, rise time and overshoot. Both rise 
time and overshoot are measured for a small output 
signal (Volt = ±I00mV). Slew rate and settling time are 
measured for a 10V, p-p, square wave. 



FIGURE 4. Dynamic Response Test Circuits. 
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Very-Low Drift - Precision 
OPERATIONAL AMPLIFIER 



FEATURES 

• VERY-LOW DRIFT - ±0.5|iV/°C max 

• VERY-LOW OFFSET - ±60pV max 

• LOW BIAS CURRENT -±15nA max 

• HIGH OPEN-LOOP GAIN - 120dB min 

• HIGH CMR-IIOdB min 

• VERY-LOW THERMAL FEEDBACK - ±0.1yV/V 

DESCRIPTION 

High overall accuracy is offered by Burr-Brown’s 
3510 Operational Amplifier. It’s designed expressly 
for use in high gain analog circuits where very-low 
drift and high accuracy are essential requirements. 
This precision instrumentation grade op amp 
provides an economical method to maintain high 


circuit accuracy and reliability over temperature 
ranges from -25°C to +85°C, surpassing competitive 
units rated for only 0°C to +70°C. 

Additional performance features of the 3510 include 
high open-loop gain, extremely-low initial offset 
voltage, high CMR, very-low thermal feedback, low 
input bias current and very-low voltage drift vs 
temperature. 

Burr-Brown’s rigid control of monolithic processing 
and its rigid quality control standards result in very- 
low voltage and current noise in the 3510. It’s 
specifically designed for use in low level analog signal 
processing. Performance specifications are met 
exactly by precision trimming at the wafer level with 
complete testing before shipment. Performance of 
the 3510 significantly exceeds that of Burr-Brown’s 
popular 3500 op amp. 



International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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ELECTRICAL SPECIFICATIONS 



Specifications at T A = 25°C and ±15VDC, unless otherwise noted. Standard specifications after warm-up. 


OPEN LOOP GAIN, DC 

2kn Load 

RATED OUTPUT 

Voltage 

Current 

Output Resistance 

Load Capacitance 

FREQUENCY RESPONSE “ 7 ” 

Unity Gain, Open Loop, Small Signal C c = 4700jpF 

Closed Loop Gain, C c = 0, Stable Operation 

Full Power Response, C c = 0, Acl = 10 

Slew Rate, C c = 0, Acl = 10 

INPUT OFFSET VOLTAGE 

Initial Offset, 25°C 
vs Temp" 1 - un nulled V OT 
vs Temp" 1 - nulled V os 
vs Time 

Power Supply Rejection 

Thermal Feedback, Rl = 2kO, f = 1 Hz 

INPUT BIAS CURRENT 

Initial Bias, 25°C 
vs Temp" 1 
vs Supply Voltage 

INPUT DIFFERENCE CURRENT 

Initial Difference, 25°C 
vs Temp"’ 
vs Supply Voltage 


INPUT IMPEDANCE 

Differential 

Common-mode- 


INPUT NOISE 

Voltage, 0.1 Hz to 10Hz 
f„ = 10 Hz 
f 0 = 100 Hz 
f 0 = 1 kHz 

Current, 0.1 Hz to 10 Hz 
f 0 = 10 Hz 
fo = 100 Hz 
f 0 = ! kHz 

INPUT VOLTAGE RANGE 

Common-mode Voltage Range, linear operation 

Common-mode Rejection at ±10V 

Maximum Safe Input Voltage 


POWER SUPPLY 

Rated Voltage 

Voltage Range, derated performance 
Quiescent Current 


TEMPERATURE RANGE 

Specification, (A, B, C) 

,(S) 

Operating, derated performance 
Storage 
0 junction-case 
0 junction-ambient 


3510BM/3510SM 

Min 

Typ 

Max 

* 



* 

♦ 





+0.1 

±35 

±0.6 


±10 

±20 

±0.4 


1 li 3 
10 1! 3 



♦Specification limits same as 3510AM. 

(1) Temperature coefficient specifications: -25°C to +85°C for AM, BM, CM 
-55°C to +125°C for SM 
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Common-mode Rejection (dB) 


TYPICAL PERFORMANCE CURVES 
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MECHANICAL SPECIFICATIONS 




TO-99 



INCHES 

MILLIMETERS | 

DIM 

gQUI 

B2SES3H 

HSB2B 

BESS 

A 



8.51 

9.40 | 

B 

.305 


7.75 

mm 

C 

.165 

BUB 

4.19 

4,701 

D 

.016 

.021 

0.41 


E 

.010 


0.25 

BEEBi 

mm 

.010 

.040 

0.25 

102 1 

E5 

.200 BASIC 

5.08 BASIC | 

H 

BBS 

.034 

0.71 

0.86 

J 

KS3H 

.045 

0.74 

1.14 

K 


— 

12.7 

— 

L 


.160 

2.79 

4.06 

M 

45° BASIC 

45° BASIC | 

N 

m&m 

Bn 30 

bb 

2.67 | 


Notes: 

1. There is no case connection 

2. I'he case is metalie and is conductive 

3. I'he case and leads are bright acid tin plated 


APPLICATIONS INFORMATION 


OFFSET VOLTAGE ADJUSTMENT, 

NULLING AND DRIFT 

Unlike some competitive models it is not necessary to null 
the offset voltage of the 3510 to achieve minimum voltage 
drift versus temperature. Drift of the 3510 is specified 
both nulled and unnulled. 

In this op amp, the input offset voltage and the input 
offset voltage drift versus temperature are trimmed, at the 
wafer level, during manufacture. This feature, combined 
with the op amp’s electrical design and high quality, 
closely controlled processing produce the low offset 
voltages and drifts indicated in the specifications. These 
figures are 100% guaranteed. 

Should it be necessary to null the offset voltage to the 
lowest possible value this can be accomplished by 
inserting a potentiometer between pins 1 and 8. See 
“Alternate Nulling Techniques” for other methods. 
Nulling ultra-low offset amplifiers may, however, be 
undesirable when these factors are considered: 

Cost of potentiometer and labor to install and null. 
Decreased reliability through introduction of 
additional components. 

Possible degradation of overall performance due to 
temperature coefficients of external nulling resistors 
(not true with 3510). 

Nulling the offset voltage of most modern op amps will 
minimize offset voltage drift. In the 3510, an ultra low 
offset amplifier, a major portion of the offset voltage is 
trimmed during manufacture. Additional trimming by 
the user may increase the voltage drift slightly. Drift 
changes 033/jlV /°C for each 100/uV of offset voltage 
nulled. Due to second order effects, the point of minimum 
voltage drift does not occur at the point of zero offset 
voltage in approximately 25% of the cases. In these 


instances, nulling the offset voltage may cause a slight 
increase in voltage drift, but not beyond the guaranteed 
nulled voltage drift specified. Nulling the offset voltage 
will decrease the voltage drift in approximately 75% of 
cases. 

ALTERNATE NULLING TECHNIQUES 

When it is essential to null offset voltage and achieve the 
lowest guaranteed voltage drift specifications, the 
following methods can be used: 

Burr-Brown recommends nulling in a following stage as 
shown in Figure 1. 



In this circuit, with Vm = 0, Vi will be due to E os and I b ias of 


35 1 0. The component of V ou t due to V i is 


Resistors 

R3 


R 5 and R 6 are selected so that the component of V ou t due 
to V 2 will cancel the component of V ou t due to Vi. The 
specific values of Rs and R6 are selected to provide the 
desired range and resolution and will depend upon the 
model of the 3510 involved and the gain in each stage. 


When only a single stage of amplification is used the 
following circuits could be employed. 
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FIGURE 2. Inverting Amplifier FIGURE 3. Non-Inverting Amplifier 




RESOLUTION OF NULLING 
POTENTIOMETER 

One of the advantages of the 35 1 0 is the ease of nulling the 
offset voltage, even with a low cost, single turn 
potentiometer. A single turn linear potentiometer can be 
used with good resolution. Unlike some competitive, low 
offset op amps, the 3510 does not require multiturn pots 
or fixed resistors padded with a pot to produce a high 
level of trim resolution. 

Resolution and range of the offset trim potentiometer at 
various resistance values are shown in Table I. 


Potentiometer 

Value 

Offset Adjustment Range 

Resolution 
at Pot Center 

Sensitivity of 
AV os /AT to 
Potentiometer 

"T.C.R. ,2> 

10% -90% 
Rotation 

0% - 100% 
Rotation 

*100kfl 

±170 m V 

±2 mV 

1mV/% rotation 

10 4 /uV, ppm,. "C 

20kfl 

±600 M V 

±2 mV 

3.5 M V/% 
rotation 

10"VV/ppm/°C 

lOkH 

±800mV 

±2 mV 

6/xV/% rotation 

10'VV/ppm/°C 


* Recommended offset adjustment potentiometer. 

(1) T.C.R. = temperature coefficient of resistance 

(2) Sensitivity after nulling ±120/^V of V os ; typically the sensitivity is one-half the 
value shown. 

TABLE I. Offset Potentiometer Effects 

POTENTIOMETER 

Because the external offset lOOkH potentiometer 
parallels two internal IkO resistors, the temperature 
coefficient of the potentiometer will affect the offset 
voltage temperature drift of the 3510 to a very small 
degree. In addition, the potentiometer halves have the 
same temperature coefficient, therefore the percent 
rotation does not drift. Sensitivity of the offset voltage to 
the external potentiometer is very low, only 


10" 4 juV/ppm/°C and must be added to the amplifier’s 
drift. However, even when using a lOOppm industrial pot, 
this figure is ±0.01 mV/°C and can be ignored. 

THERMAL FEEDBACK 

When an amplifier achieves the high performance levels 
of the 35 1 0 some effects previously masked by larger error 
terms (and now reduced by the 3510’s high accuracy, high 
performance and low error terms) may become 
observable. This situation exists with a condition referred 
to as thermal feedback. 

Thermal feedback is an error generating condition which 
can be caused by the power dissipation and resultant 
temperature rise of the amplifier’s output stage. This 
error is fed back to a previous stage of the amplifier and 
alters its usual operation. Normally the input stage is 
affected. This error is described as a change in input offset 
voltage per volt of output voltage change. When the 3510 
has a 2kO load the specification is ±0.1/iV/V. 

This phenomena is most noticeable at frequencies below a 
few hertz and most easily observed on an oscilloscope. 
Thermal feedback can add a small error term to the 
“average” temperature effects normally described as 
input offset voltage drift versus temperature and input 
bias current versus temperature. 

To minimize the effect of thermal feedback, the 3510 
circuits are carefully laid out and thermally balanced to 
minimize thermal feedback. 

THERMAL RESPONSE TIME 

In low drift operational amplifiers like the 3510, thermal 
response time is an important performance parameter. In 
precision applications the response of the amplifier to 
warm-up or environmental change should be considered. 


1-87 


3510 




Figure 5 and 7 show typical thermal response of the 3510. 
Note that the offset voltage does not overshoot and that 
the response time is very short - less than three minutes. 
Some competitive low drift operational amplifiers 
require 15 minutes to warm up. 




FIGURE 7. Offset Response to an Environmental 
Change. 


NOISE 

In a high performance amplifier such as the 3510, noise 
may well be the final and limiting criteria for system 
accuracy. See specifications and performance curves. 
While the 3510 noise is very acceptable in low and mid- 
frequencies, it is fairly large above 100kHz. Whether or 
not this unique characteristic will cause user problems 
depends on the application of the 3510 and steps taken to 
reduce high frequency noise effects. 

If circuitry following the 3510 does not respond to noise 
above 100kHz, no corrective steps need to be taken. This 
situation is common in applications where a 0.5V//us 
amplifier is satisfactory. When high frequency noise must 
be reduced, a low pass filter should be installed in a stage 
following the 3510 (filtering at the 3510 itself has little 
effect). 

Two high frequency filtering approaches are shown in 
Figures 8 and 9. 



FIGURE 8. High Frequency Filter For Single Stage 
Amplifier. 



FIGURE 9. High Frequency Filter For Multi-stage 
Amplifier 


COMPENSATION 

At closed loop gains above 10V/V, the 3510 op amp is 
stable without additional frequency compensation. The 
amplifier is compensated as shown in Figure 10 for gains 
below 10V/V. 



FIGURE 10. Amplifier Compensation Circuit 


Alternately, the capacitor may be connected between pin 
5 and +V CC (pin 7) if the supply is well bypassed to ground. 

SHORT CIRCUIT PROTECTION 

The 3510 may be short circuited to ground continuously 
without damage. Output shorts other than to ground 
may be tolerated if the “Maximum Power Dissipation vs 
Temperature” ratings given in the performance curves are 
not exceeded. Power dissipation can be determined as the 
product of (V cc - Vom) X I ou t. I ou t under current limit 
conditions is specified in the “Output Voltage vs Output 
Current” performance curve. 
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BURR- BROWN 



3521 SERIES 

3522 SERIES 


Ultra-Low Drift - FET Input 
OPERATIONAL AMPLIFIERS 


FEATURES 

• ULTRA-LOW DRIFT, 1 M V/°C max 

• LOW INITIAL OFFSET VOLTAGE. 250 M V, max 

• LOW BIAS CURRENT, IpA, max 

• LOW NOISE 

• HIGH COMMON-MODE REJECTION, 90dB, typ 

• WIDE POWER SUPPLY RANGE, ±5VDC to ±20VDC 

DESCRIPTION 

With input offset voltage drifts as low as 1/u V /°C, the 
Burr-Brown 352 1 IC Operational Amplifier provides 
FET input performance combined with drift equal to 
the best bipolar IC’s (e.g., BB3500E). The spectacular 
performance is achieved through truly state-of-the- 
art hybrid design and manufacturing, including 
monolithic FET pairs and active laser-trimming. 
The 3521 and 3522 have an exceptionally fast 
thermal response. This fast warm-up is achieved 
without any heat-sinking. 


While low drift and FET input impedance are the 
outstanding features of the 3521 and 3522 other 
specifications have not been compromised. They are 
internally compensated for unity-gain configuration 
and the initial voltage offset is guaranteed less than 
250/uV so for most applications the 3521 is ready to 
“plug-in and go.” Like other low drift IC’s from 
Burr-Brown the 352 1 and 3522 have ample speed and 
bandwidth for most any application. (Slew rate = 
0.6V/ /usee). The high common-mode rejection ratio 
(90dB, typ.) enables them to be used as a 0.01% 
accurate buffer with low drift and extremely-high 
input impedance. The 3521/3522 also have very-low 
input noise to complement the low drift. The output 
is current limited to provide protection for contin- 
uous output shorts to common. 

The 3521/3522 are pin-compatible with 741 -type 
amplifiers, but provide FET input performance 
with ultra-low drift while exceeding all other spe- 
cifications for general purpose operational amplifiers 
of the 741 -type. Bui r-Brown tests and guarantees all 
units to meet all max/ min specifications. 
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SPECIFICATIONS 


ELECTRICAL 

Typical at +25°C and ±15VDC power supply unless otherwise noted. 



OPEN-LOOP GAIN, DC 

Rated Load, min 


RATED OUTPUT 


Voltage, min 
Current, min 
Output Impedance 


FREQUENCY RESPONSE 


Unity Gain, Open-Loop 
Full Power Response, min 
Slew Rate, min 


INPUT OFFSET VOLTAGE 



INPUT BIAS CURRENT 


Initial Bias, 25°C, max 
(doubles every +10°C) 
vs Supply Voltage 


INPUT DIFFERENCE CURRENT 


INPUT IMPEDANCE 



Differential 

ionn 

Common-mode 

1012Q 

INPUT NOISE 

Voltage, 0.01Hz - 10Hz, p-p 

4/xV 

Voltage, 10Hz - 1kHz, rms 

2 M V 

Current, 0.01Hz - 10Hz, p-p 

0.3pA 

Current, 10Hz - 1kHz, rms 

0.6pA 

INPUT VOLTAGE RANGE 

Common-mode Voltage 

±10V 

Common-mode Rejection 

90dB 

Max. Safe Input Voltage 

±Supply 

POWER SUPPLY 

Rated Voltage 

±15VDC 

Voltage Range, derated 

±5 to ±20VDC 

Current, quiescent 

±4mA 


TEMPERATURE RANGE 



‘Specification same as for 3521 H. 
**-55°C to +125°C for 3521 R. 


MECHANICAL 


3521 K 

3521 L 

3521 R 

* 

* 

* 

1 

‘ 

* 


1 


* 

* 

1 

250 M V 

250 M V 

250 M V 

2 m V/°C 

±VV/°C 

±5 m V/°C 

±4 m V/°C 

±2 M V/°C 

±2/xV/°C 

1 

-15pA 

-lOpA 



• 1 ‘ 1 • 


'* 

* 

* 

1 

* 

* 

* 

1 


* 

* 

* 

* 


1 

* 

* 

* 

1 

* 

* 

-55° C to +1 25° C 
-55° C to +125°C 


* 

* 


(' 

ro-99 PAC 

r“i 

KAGE) 



• 

l 5 

yi 

^.Setting ^ 

Plane 

A 

JU- 

*|N 

t 

K 

1 

— D 

r. i ■ 


' m 


N 

m 

mm 


u 

1 

un 

INCHES 

mmmm 

M2B 

1222231 



A 


ESS 

8.51 

ees 

B 


EJjjSl 

7.75 

BUM 

C 

.165 

.185 

4.19 

WWM 

D 

.016 

.021 

0.41 

eeeb 

E 


.040 

0.25 

HE3 

F 

EQ3I 

ES9I 


mesm 

G 

.200 BASIC 


H 

.028 

ESBI 

0.71 

EES 

J 


ezsh 

0.74 

BOS 

K 


- 

12.7 

KBO 

L 

.110 

BQSB 

2.79 

EES 

mm 

ES3BS9SO 

ESEESQHi' 



MM 

KOMIEni 


CONNECTION DIAGRAM 
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ELECTRICAL (CONT) 

Typical at +25°C and ±15VDC power supply unless otherwise noted. 



MODELS 

3522J 

3522K 

3522L 

3522S 

OPEN-LOOP GAIN, DC 





Rated Load, min 

94dB 



* 

RATED OUTPUT 





Voltage, min 

±10V 




Current, min 

±10mA 




Output Impedance 

ioon 




FREQUENCY RESPONSE 





Unity Gain, Open-loop 

1MHz 




Full Power Response, min 

10kHz 




Slew Rate, min 

0.6V//usec 




INPUT OFFSET VOLTAGE 





Initial Offset, 25°C, max 

±1mV 

±500 M V 

±500 m V 

±500 m V 

vs Temp (0°C to +70°C), max 
(-55°C to +125°C), max 

±50mV/°C 

±10*A//°C 

±10 M V/°C 

±25 m V/°C 

vs Supply Voltage 

±25 M V/mo 


* 

* 

vs Time 

±10/uV/mo 

* 

* 

* 

INPUT BIAS CURRENT** 





Input Bias, 25°C, max 
(doubles every +10°C) 

-lOpA 

-5pA 

-IpA 

-5pA 

vs Supply Voltage 

±0.1 p A/ V 




INPUT DIFFERENCE CURRENT 





Initial Difference, +25°C 

±2pA 

±1pA 

±0.5pA 

±1 pA 

INPUT IMPEDANCE 





Differential 

lonn 

‘ 


* 

Common-mode 

1012ft 

* 



INPUT NOISE 





Voltage, 0.01 Hz to 1 0Hz, p-p 

4 M V 

* 



Voltage, 10Hz to 1kHz, rms 

2 M V 

* 

* 

* 

Current, 0.01Hz to 10Hz, p-p 

0.3pA 



* 

Current, 10Hz to 1 kHz, rms 

0.6pA 


* 

* 

INPUT VOLTAGE RANGE 





Common-mode Voltage 

±10V 

* 

* 


Common-mode Rejection 

90dB 

* 


* 

Max. Safe Input Voltage 

±Supply 

* 



POWER SUPPLY 





Rated Voltage 

±15VDC 

* 



Voltage Range, derated 

±5VDC to ±20VDC 

* 

* 


Current, quiescent 

±4mA 

* 

* 


TEMPERATURE RANGE 





Specification 

0°C to +70° C 

* 


-55°C to +125°C 

Operating 

-25° C to +85° C 

* 


-55° C to +125°C 

Storage 

-65°C to +150°C 





'Specification same as for3522J. 
"After Warm-Up. 
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TYPICAL PERFORMANCE CURVES 


(At +25°C and ±15VDC unless otherwise specified) 









APPLICATIONS INFORMATION 


THERMAL RESPONSE TIME 

Thermal response time is an important parameter in low 
drift operational amplifiers like the 3521/3522. A low 
drift specification would be of little value if the amplifier 
took several hours to stabilize after turn-on or ambient 
temperature change. The TO-99 packaging is particularly 
well suited for devices requiring fast thermal response. 
Figure 1 shows the typical warm-up drift of the 3521. 
Note that the offset voltage has stabilized in less than 4 
minutes. Similar warm-up times for some discrete low 
drift operational amplifiers range from 7 to 15 minutes. 
Offset voltage response to thermal shock can provide 
some real suprises, particularly for amplifiers packaged 
in discrete modules. Again the TO-99 package proves 
superior. Figure 2 shows that the response to thermal 
shock settles very quickly. The 3521/3522 quickly and 
smoothly assumes a new value of offset voltage as 
dictated by the drift specification. 

BIAS CURRENT EFFECTS 

The low bias currents and offset currents of FET input 
stages overcome most of the source resistance limitations 


of bipolar operational amplifiers. However, for very 
large source resistances or large unbalances in source 
resistance (5MH and up) the input offset voltage and drift 
will be affected as shown in Figures 3 and 4. 


CO CO 


COMMON-MODE PROPERTIES 

The input stage of the 3521 is a monolithic FET pair, 
which affords very good matching between the two input 
transistors. This close matching makes the 90dB common- 
mode rejection ratio (CMRR) possible. Because of its 
excellent common-mode properties the 352 1 may be used 
as a 0.01% accurate buffer amplifier for inputs between 
±10V. Figure 5 below illustrates typical common-mode 
performance of the 3521. 

POWER SUPPLIES AND DRIFTS 

Note that a power supply change of 40m V will typically 
introduce an input offset voltage change of 1/uV. Since 
power supply drift will have the same effect as offset 
voltage drift, the power supply temperature coefficients 
of ± 15V supplies should be about 0.1 %/°C for optimum 
drift performance of the 352 1L. 



FIGURE 1. Typical Warm-up Drift. FIGURE 2. Effect of Thermal 

Shock on Offset Voltage. 




10 5 10 6 JO 7 10® 10 9 

Source Resistance (n) 




-10 -5 0+5 +10 


Input Voltage (e ( - V) 


FIGURE 3. Typical Effects of FIGURE 4. Typical Effects of Source 
Source Resistance on Initial Resistance on Equivalent Input 
Offset Voltage. Offset Voltage Drift. 


FIGURE 5. Common-Mode 
Performance. 
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WIRING CONSIDERATIONS (Shielding and 
Guarding) 

The ultra-low drift, very-low bias current and high input 
impedance make the 3521/3522 well suited to a number 
of unique applications. However, careless signal wiring 
can degrade “system” performance several orders of 
magnitude below the 3521/3522 capability. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in 
input leads. If large value feedback resistors are used, 
they should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the units. Perhaps more 
important/unbalanced leakage paths (when is leakage 
ever balanced?) can generate significant input offset 
voltages when large source impedances (lOOkfl and up) 
are involved. To avoid leakage problems, it is recom- 
mended that the inputs of the 3521 be wired to teflon 
standoffs. If the unit must be soldered directly into a 
printed circuit board, utmost care should be used in 
designing the board layout. A “guard” pattern should 
completely surround the two input leads and be connected 
to a low impedance point at the common-mode input 
voltage. Figure 6 shows suggested guard connections for 
various amplifier feedback configurations. The amplifier 
case should be connected to any input shield or guard via 
pin 8. 



OFFSET VOLTAGE ADJUSTMENT 

The 352 1 has a low initial offset (250/u V) compatible with 
its low drift. However, some high accuracy applications 
may require external nulling of even this small initial 
offset voltage. Virtually any offset voltage adjustment 
method can increase offset voltage drift unless some care 
is used. For example, the initial offset voltage of most 
monolithic op amps (BB 3500, 741 -types, 101, etc.) may 
be nulled using a single potentiometer, but offset voltage 
drift is typically increased by about 3/uV/°C for each mV 
of offset voltage adjust. This same relationship will also 
hold for the 3521. 



FIGURE 7. Single Potentiometer Adjust at Op Amp 
Trim Terminals. 


Advantages: 

1. Simplest circuit. 

2. Compatible with most IC op amps. 

Disadvantages: 

1. Drift increased by circuit about 0.75/uV/°C for3521. 

TEMPERATURE COMPENSATED 
POTENTIOMETER OFFSET VOLTAGE ADJUST 

If the circuit in Figure 7 is replaced with a circuit which 
“drifts” with temperature, nulling the offset voltage will 
not increase the drift by so large an amount. The circuit 
shown in Figure 8 may be used to null initial offset 
voltage and drift will increase only about 0.5/xV/°C for 
each mV of offset adjust. In the case of the 3521, this 
zeroing circuit will typically add at most 0. 14)uV/°C. 



FIGURE 8. Temperature Compensated Potentiometer 
Null. 
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Ultra-Low Bias Current FET 
OPERATIONAL AMPLIFIERS 


FEATURES 

• BIAS CURRENT, 0.1 pA, max 

• OFFSET VOLTAGE. 500pV, max 

• VOLTAGE DRIFT, 25pV/°C, max 

• INPUT IMPEDANCE, 10 13 ^ 

• Noise (10Hz). 0.003pA. p-p 


DESCRIPTION 

The Burr-Brown 3523 Series amplifiers are the first 
IC operational amplifiers to achieve sub-picoampere 
input currents without exhibiting excessive offset 
voltage, voltage drift and voltage noise. The high 
common-mode rejection, ultra-low bias current, and 
10 13 n input impedance of the 3523 make it the best 
choice for a variety of buffer and electrometer 
applications. These include pH measurement, photo- 
current amplification, longterm integration, and low 
droop sample/ hold or track/ hold applications. 
Because its input offset voltage is laser-trimmed to 
less than 500/iV, the 3523 can usually be used without 
offset nulling. This is a distinct advantage in 
applications where it is desired to locate the 3523 
near the signal source (e.g., in a signal probe). 


The package of the 3523 is designed to preserve its 
ability to measure ultra-low currents and to avoid 
noise pickup. The case guard (pin no. 8) may be 
connected to a point which is at signal potential. This 
minimizes leakage current input from pins to case. 
Also, it shields the amplifier’s sensitive input 
circuitry from power line frequency “hum”, 
switching transients, and other sources of electrical 
noise. 

Bias current specifications of the 3523 are guaranteed 
after warm-up in ambient air with no heat sink. Thus, 
the ultra-low bias current specifications become even 
more significant since internal power dissipation can 
easily raise case temperature by 20°G in many 
applications. 

The bias current on many FET amplifiers is a strong 
function of applied common-mode voltage. This is 
not the case with the 3523. The input stage design of 
the 3523 make the input bias current virtually 
independent of the common-mode voltage over its 
full range. 
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SPECIFICATIONS 



±1 mV 
±SOmV/°C 


1 MHz 
10 kHz 
0.6 V/^sec 


Specifications typical at 2 5°C and ±15 Vdc Power Supply unless otherwise noted. 


ELECTRICAL 


MODELS 


OPEN LOOP GAIN, dc no load 

1 kf2, load, min 


RATED OUTPUT 

Voltage, min 
Current min 
Output Impedance 


FREQUENCY RESPONSE 

Unity Gain, Open Loop 
Full Power Response, min 
Slew Rate, min 


INPUT OFFSET VOLTAGE 

Initial Offset, 2 5°C, max 
vs. Temp (0° to 70°C), max 
vs. Supply Voltage 
vs. Time 


INPUT BIAS CURRENT 

Initial bias, 25°C, max 
(doubles every +10°C) 
vs. Supply Voltage 


INPUT DIFFERENCE CURRENT 

Initial difference, 25°C 


INPUT IMPEDANCE 

Differential 
Common Mode 

INPUT NOISE 

Voltage, .01 Hz - 10 Hz, p-p 
10 Hz - 10 kHz, rms 
Current, .01 Hz - 10 Hz, p-p 
10 Hz - 10 kHz, rms 


INPUT VOLTAGE RANGE 

Common Mode Voltage 
Common Mode Rejection ( a 10V 
Max. Safe Input Voltage, 


POWER SUPPLY 

Rated Voltage 
Voltage Range, derated 
Current, quiescent 


TEMPERATURE RANGE 

Specification 

Operating 

Storage 


j ±500 mV I ±500 mV 
| ±2 5 mV/°C I ±25 mV/°C 

±25 mV/V 
±5 MV/mo 


| -0.25 pA | -0.1 pA 



±(|V S |-2)V 

80 dB 
± Supply 


±15 Vdc 
±5 to ±20 Vdc 


0° to +70°C 
-5 5° to +125° 
-65° to +1 50°C 


MECHANICAL 


TO-99 


Jj 8.51 mm | 
1.02mm — fl(.370")dia. 
(.040") II max. | 


BOTTOM VIEW i 5 ,« 




Dimensions in inches are in parentheses. 
Pin material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std-883 [except paragraph 3.2]. 
































CMR (dB) Open Loop Ga 


TYPICAL PERFORMANCE CURVES 

(@ +25 °C and ±15 Vdc unless otherwise specified) 


NORMALIZED INPUT BIAS 
CURRENT vs. TEMPERATURE 


RMS INPUT NOISE VOLTAGE vs. 
SOURCE RESISTANCE 


P-P INPUT NOISE VOLTAGE vs. 
SOURCE RESISTANCE 


V s =±1 5Vr 


V„ = + 5 V — r 
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REPONSE 
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FREQUENCY CHARACTERISTICS 
vs. SUPPLY VOLTAGE 
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— _ — Slew Rate 


OPEN LOOP GAIN vs. 
SUPPLY VOLTAGE 


OUTPUT VOLTAGE vs. 
OUTPUT CURRENT 


20 
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COMMON MODE REJECTION 
vs. SUPPLY VOLTAGE 


T A = + 125°C 


POWER SUPPLY REJECTION 
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APPLICATION CONSIDERATIONS 


The ultra-low bias current and high input impedance of the 
3523 are well suited to a number of challenging applications. 
In order to fully benefit from the outstanding specifications 
of this unit careful layout, shielding and guarding is required. 
Careless signal wiring or printed circuit board layout can 
easily degrade circuit performance several orders of magni- 
tude below the capability of the 3523. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in in- 
put leads. If large feedback resistors are used, they should 
also be shielded along with the external input circuitry. The 
metal case of the 3523 is connected to pin 8 and is not 
connected to any internal amplifier circuitry. Thus it is 
possible to use the case as a shield to reduce noise pick-up. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the 3523. To avoid leakage pro- 
blems, it is recommended that a Teflon IC socket be used 
or that at least the signal input lead of the 3523 be wired 
to a Telfon standoff. If this is not done and instead the 
3523 is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. A 
“guard” pattern should completely surround the two ampli- 
fier input leads and should be connected to a low impedance 
point which is at the signal input potential. (See Figure 1) 
The amplifier case, pin 8, should also be connected to the 
guard. This insures that the entire amplifier circuitry is 
fully surrounded by the guard potential. This minimizes 
the voltage placed across any. leakage paths and thus reduces 
leakage currents. 

Figures 2, 3, and 4 show typical applications using the 
guard and case shielding. 

Cleanliness is also a prime concern in ultra low bias cur- 
rent circuits. It is recommended that after installation is 
complete the assembly be washed with a low residue solvent 
such as TMC Freon followed by rinsing with deionized 
water. The use of some form of high dielectric conformal 
coating such as a good two part urathane should be con- 
sidered if the assembly will be used in air environment which 
could deposit contaminants on the low current circuitry. 


V+ _ 



8 

OUTPUT C^) 6 

I ^ 1 

O 5 


O' 

V- 

GUARD ^ 

(BOTTOM VIEW) 

Board layout for Input Gu 

arding with Guarded TO-99 Package. 


FIGURE 1 . Connection of Case Guard and Input Guard. 



FIGURE 3. Ultra High Input Impedance Noninverting Circuit. 



FIGURE 4. Ultra Low Drift Integrator. 
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Low Drift - Low Bias Current FET Input 
OPERATIONAL AMPLIFIER 


FEATURES 

• LOWER PRICED 

• ULTRA-LOW DRIFT, 2yV/°C. max 

• LOW INITIAL OFFSET VOLTAGE. 250yV, max 

• LOW BIAS CURRENT, 2pA, max 

• LOW NOISF 

DESCRIPTION 

The Burr-Brown 3527 is a precision operational 
amplifier. It offers spectacular performance at 
moderate cost through the use of hybrid 
construction, monolithic ICs, matched FETs, thin- 
film resistors, and active laser trimming. 

The 3527 low, initial offset voltage (250/uV, max) 
allows higher design accuracy at lower installed cost. 

Costly pots and external nulling of the offset voltage 
is not required for most applications. Also, higher 
system reliability is achieved by using fewer parts. 

The offset voltage temperature drift of the 3527 is 
exceptionally low (2juV /°C, max) and is compatible 
with the best bipolar amplifiers (BB3500E). It is 
achieved by laser-adjusting the offset during 
manufacture and means that high system accuracy is 
maintained over the temperature range. 

The low bias current (guaranteed 2pA, max) allows 
the use of larger feedback resistor values, and smaller 
bias current errors are realizable. 

Of course, all the other desirable features of high 
quality op amps are engineered into the 3527. It has 
low input noise, is free from latch-up, is short-circuit- 
protected for continuous output shorts to common, 
is internally compensated for unity-gain stability, 
and is pin-compatible with 741 amplifiers. Guarding 
is achieved by the pin 8 case connection. 

For increased reliability screening, consult Burr- 
Brown. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Specifications typical at Ta = 25°C and ±15VDC supplies, unless otherwise noted. 


MODELS 

OPEN LOOP GAIN, DC 


No Load 
Rl = 2kn 


RATED OUTPUT 

Voltage 

Current 

Output Impedance 
Load Capacitance 

FREQUENCY RESPONSE 


3527AM 3527BM 

Min I Typ I Max Min I Typ 


±10 ±12 
±10 ±20 





INPUT OFFSET VOLTAGE 


Initial Offset, 25°C 


vs. Temp. i-25°C to +85°C 

±5 

vs. Supply Voltage 

±75 

vs. Time 

±20 


±100 ±250 
±2 ±5 


INPUT BIAS CURRENT 


Initial Bias, 25°C 
vs. Temp 

vs. Supply Voltage 


INPUT DIFFERENCE CURRENT 

Initial Difference, 25°C 


INPUT IMPEDANCE > 

Differential 

Common-mode 

INPUT NOISE 

Voltage, f 0 = 10Hz 
f 0 = 100Hz 
f 0 = 1 KHz 
f 0 = 10kHz 
0.3Hz to 10Hz, p-p 
10Hz to 10kHz, rms 
Current, 0.3Hz to 10Hz, p»-p 
10Hz to 10kHz, rms 

INPUT VOLTAGE RANGE > 

Common-mode Voltage Range 
Common-mode Rejection at ±10V 
Max. Safe Input Voltage 

POWER SUPPLY 

Rated Voltage | ~~ 

Voltage Range, derated performance ±5 

Current, quiescent I 


TEMPERATURE RANGE (ambient) 


‘Specifications same as for 3527AM. 
•’Doubles every +10°C. 


1 



MECHANICAL TO-99 
PACKAGE 

Order Number: 3527AM, 3527BM, 
3527CM Weight: 1 gram 




NOTE: 

Leads in true position within .010" 
(.25mm) R @> MMC at seating plane. 



G 

.200 BA 

SIC 

5.08 BASIC 

H 

.028 

.034 

0.71 0.86 

J 

.029 

.045 

0.74 1.14 

K 

.500 



12.7 

L 

.110 

.160 

2.79 4.06 

M 

45° BA! 

SIC 

45° BASIC 

N 

.095 ] 

| .105 

2.41 | 2.67 

The TO-99 can 
tin plated. 

i and leac 

Is are bright acid 

Pin material and plating composition 
conform to method 2003 (solderahility) 
of Ml I. -STD-883 (except paragraph 3.2). 


CONNECTION DIAGRAM 
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COMMON-MODE REJECTION (dB) INPUT NOISE VOLTAGE (mV, rms) NORMALIZED INPUT BIAS OUTPUT VOLTAGE (V) VOLTAGE GAIN (dB)_ 


TYPICAL PERFORMANCE CURVES 


at T a = +25°C and ±15VDC unless otherwise noted. 




VOLTAGE GAIN 

— I — | — i — r 

! Rl > 10 kl 


= +25'^" 


SUPPLY VOLTAGE (±VDC) 





OUTPUT CURRENT (mA) 


TRANSIENT RESPONSE 
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INPUT BIAS CURRENT 


INPUT OFFSET CURRENT 


INPUT OFFSET CURRENT 
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APPLICATIONS INFORMATION 

THERMAL RESPONSE TIME 

Thermal response time is an important parameter 
in low drift operational amplifiers like the 3527. A 
low drift specification would be of little value if the 
amplifier took several hours to stabilize after turn- 
on or ambient temperature change. The TO-99 
packaging is particularly well suited for devices 
requiring fast thermal response. Figure 1 shows the 
typical warm-up drift of the 3527. Note that the 
offset voltage has stabilized in less than 1 minute. 

Similar warm-up times for some low drift 
operational amplifiers range from 2 to 15 minutes. 

Offset voltage response to thermal shock can 
provide some real surprises, particularly for 
amplifiers packaged in discrete modules. Again the 
3527 TO-99 package proves superior. Figure 2 
shows that the response to thermal shock settles 
very quickly. The 3527 quickly and smoothly 
•assumes a new value of offset voltage as dictated by 
the drift specification. 
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± 0 15 30 45 60 0 0 25 50 75 100 125 

TIME FROM POWER APPLICATION (sec) TIME FROM HEAT APPLICATION (sec) 

FIGURE 1. Typical Warmup FIGURE 2. Effect of Thermal 
Drift. Shock on Offset Voltage. 


GUARDING AND SHIELDING 

The ultra-low bias current and high input impedance of the 
3527 are well-suited to a number of stringent applications. 
However, careless signal wiring of printed circuit board 
layout can degrade circuit performance several orders of 
magnitude below the capability of the 3527. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in input 
leads. If large feedback resistors are used, they should also 
be shielded along with the external input circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the 3527. To avoid leakage 
problems, it is recommended that the signal input lead of the 
3527 be wired to a Teflon standoff. If the 3527 is to be 
soldered directly into a printed circuit board, utmost care 
must be used in planning the board layout. A “guard” 
pattern should completely surround the two amplifier input 
leads and should be connected to a low impedance point 
which is at the signal input potential. 

The amplifier case should be connected to any input shield 
or guard via pin 8. This insures that the amplifier itself is 
fully surrounded by guard potential, minimizing both 
leakage and noise pickup. Figure 3 illustrates the use of the 
guard. 



OFFSET VOLTAGE ADJUSTMENT 

Although the 3527 has a low initial offset voltage (250/zV), 
some applications may require external nulling of this small 
offset. Figure 4 shows the recommended circuit for 
adjustment of the offset voltage. External offset voltage 
adjustment changes the laser adjusted offset voltage 
temperature drift slightly. For each microvolt of offset 
adjusted, an additional drift of ±0.002 uV/°Cis induced. 
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Ultra Low Bias Current 
FET OPERATIONAL AMPLIFIER 


FEATURES 

• 75fA MAX INPUT BIAS CURRENT 

• 250jjV MAX OFFSET VOLTAGE 

• 5jjV/°C MAX OFFSET VOLTAGE DRIFT 

APPLICATIONS 

• PHOTODIODE AMPLIFIER 

• PHOTOMULTIPLIER TUBE AMPLIFIER 

• LOW DRIFT INTEGRATOR 

• CURRENT-TO-VOLTAGE CONVERTER 


DESCRIPTION 

An excellent combination of specifications for 
applications requiring ultra low input bias currents 
are provided by the 3528 amplifier family. These 
applications include photometers, selective ion 
detectors, long term integrators and low-droop 
sample hold circuits. 

The 3528 is unique in that in addition to providing 
bias currents as low as 75fA (3528CM) it also 
provides very low offset voltage drift (5/uV/°C max, 

3528BM) and offset voltage (250juV, 3528BM). Thus, 
user trimming offset voltage with an external 
potentiometer is usually avoided. 

The output is protected from damage due to short 
circuits to ground or either supply and the unit is 
specified over the full -25°C to +85°C temperature 
range rather than the more limited 0°C to 70°C range. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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ELECTRICAL SPECIFICATIONS 


At Ta = 25°C and ±V CC = ±15VDC unless otherwise noted. 


OPEN LOOP GAIN, DC 

Rl 3* 2k 
Rl 3* 10k 


RATED OUTPUT 

Voltage 

Current 

Output Resistance Open Loop 
Short Circuit Current 


DYNAMIC RESPONSE 

Bandwidth, Unity Gain 
Full Power Bandwidth 
Slew Rate 
Settling time 


INPUT OFFSET VOLTAGE 

Initial Offset 
vs Temperature 
vs Supply Voltage 
vs Time 


INPUT BIAS CURRENT 

Initial 

at Temperature 
vs Supply Voltage 


INPUT DIFFERENCE CURRENT 

Initial 

at Temperature 


INPUT IMPEDANCE 

Differential 

Common-mode 


INPUT NOISE 

Voltage Noise Density 


Current Noise Density 


INPUT VOLTAGE RANGE 

Common-mode Voltage Range 
Common-mode Rejection 
Max. Safe Input Voltage 


POWER SUPPLY 

Rated Voltage 

Voltage Range, derated performance 
Current, quiescent 


TEMPERATURE RANGE (ambient) 
Specification 

Operating, derated performance 
Storage 
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INPUT OFFSETVOLTAGE ( M V) ^ OUTPUT VOLTAGE (mV) + OUTPUT VOLTAGE (V, PEAK-PEAK) OPEN LOOP VOLTAGE GAIN (dB) 






TOTAL INPUT NOISE VOLTAGE (nV/^Hz) INPUT OFFSET CURRENT (fA) NORMALIZED INPUT BIAS CURRENT 





FIGURE 1. Simplified Schematic 


ABSOLUTE MAXIMUM RATINGS 


Supply 

Internal Power Dissipation (note 1) 
Differential Input Voltage (note 2) 

Input Voltage Range (note 2) 

Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (soldering, 10 seconds) 
Output Short - Circuit Duration (note 3) 
Junction Temperature 


±20VDC 

500mW 

±40VDC 

±20VDC 

-65°C to +150°C 

-55°C to +125°C 

300°C 

Continuous 
Tj = +175°C 


NOTES: 

1. Package must be derated based on a junction to ambient 
thermal resistance of 335°C/W. 

2. For supply voltages less than ±20VDC, the absolute 
maximum input voltage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating 
applies to +115 Q C case temperature or +75°C. 
ambient temperature. 




FIGURE 3. Pin Connections 



APPLICATION CONSIDERATIONS 


The ultra-low bias current and high input impedance of 
the 3528 are well suited to a number of challenging 
applications. In order to fully benefit from the 
outstanding specifications of this unit careful layout, 
shielding and guarding is required. Careless signal wiring 
or printed circuit board layout can easily degrade circuit 
performance several orders of magnitude below the 
capability of the 3528. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. The metal case of the 3528 is connected to pin 8 
and is not connected to any internal amplifier circuitry. 
Thus it is possible to use the case as a shield to reduce 
noise pick-up. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the 3528. To avoid leakage 
problems, it is recommended that a Teflon IC socket be 
used or that at least the signal input lead of the 3528 be 
wired to a Teflon standoff. If this is not done and instead 
the 3528 is to be soldered directly into a printed circuit 
board, utmost care must be used in planning the board 
layout. A “guard” pattern should completely surround 
the two amplifier input leads and should be connected to 
a low impedance point which is at the signal input 
potential (see Figure 4). The amplifier case, pin 8, should 
also be connected to the guard. This insures that the entire 
amplifier circuitry is fully surrounded by the guard 
potential. This minimizes the voltage placed across any 
leakage paths and thus reduces leakage currents. 

Figures 5, 6, and 7 show typical applications using the 
guard and case shielding. 

Cleanliness is also a prime concern in ultra-low bias 
current circuits. It is recommended that after installation 
is complete the assembly be washed with a low residue 
solvent such as TMC Freon followed by rinsing with 
deionized water. The use of some form of high dielectric 
conformal coating such as a good two part urathane 
should be considered if the assembly will be used in air 
environment which could deposit contaminants on the 
low current circuitry. 



FIGURE 4. Connection of Case Guard and Input Guard. 


30 pF 



FIGURE 5. Ultra Low Current to Voltage Converter. 


R f 



FIGURE 6. Ultra High Input Impedance Noninverting Circuit 



FIGURE 7. Ultra Low Drift Integrator. 
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FET Input 

OPERATIONAL AMPLIFIERS 


FEATURES 

• HIGH INPUT IMPEDANCE, 10" a 

• LOW NOISE. 2|iV, p-p 

• HIGH CMR. 80dB 

• WIDE SUPPLY RANGE. ±5VDC to +20VQC 

• INTERNAL FREQUENCY COMPENSATION 

• INDUSTRIAL AND MILITARY VERSIONS 

DESCRIPTION 

These FET amplifiers offer excellent input characteristics at low 
cost through the use of monolithic chips and thin film hybrid 
technology. Unlike other FET op amps of comparable cost, they 
have low input noise and moderate voltage drift. Thus they are 
suitable for a number of applications where previous hybrid or 
monolithic FET op amps were, at best marginal. 

In addition, the 3542 series are extremely stable amplifiers having 
internal frequency compensation. Other built-in features are out- 
put short-circuit protection, input protection to supply voltage, 
and operation over a wide range of supply voltages. 

The pin configuration of the 3542 is conventional (same as 741 
type amplifiers) except for pin 8, which is connected to the case. 
In the usual IC operational amplifier, the case is connected to the 
negative supply voltage. However, in FET amplifiers it is often 
desirable to connect the case to a low impedance “guard” poten- 
tial. This aids in eliminating noise “pickup” in high impedance 
circuits and preserves the low input currents of the amplifier. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


^S^^ffications typical at 25°C and ±15 Vdc Power Supply unless otnerwise noted. 

MODEL 

1 

3ba2J 

3542S 

OPEN LOOP GAIN, dc 



rated load, min. 

88 dB 1 

RATED OUTPUT 



Voltage, min. 

±10V I 

Current, min. 

±10 m A 1 

Output Impedance 

75 

n 1 

FREQUENCY RESPONSE 



Unity Gain, Open Loop 

1 MHz I 

Full Power Response 

8 kHz I 

Slew Rate 

0.5 V/Msec i 

INPUT OFFSET VOLTAGE 



Initial Offset, 25°C, max. 

±20 mV 

vs. Temp (0° to 70°C) 

± 10juV/°C, typ; ±50juV/°C, max 

vs. Supply Voltage 

±50/li V/V typ 

ys. Time 

±100uV/mo 

INPUT BIAS CURRENT 



Initial bias, 25°C 
(doubles every +10°C) 

-10 typ, -25 max. pA 1 

vs. Supply Voltage 

1 pA/V 1 

INPUT DIFFERENCE CURRENT 



Initial difference, 25°C 

±2 pA | 

INPUT IMPEDANCE 



Differential 

io“n I 

Common Mode 

10 1 

« i 

INPUT NOISE 



Voltage, .01 Hz - 10 Hz, p-p 

2 txV , | 

10 Hz - 1 kHz, rms 

3 MV 1 

Current, .01 Hz - 10 Hz, p-p 

0.3 

pA 1 

10 Hz - 1 kHz, rms 

0.6 pA | 

INPUT VOLTAGE RANGE 



Common Mode Voltage 

*dv. 

l-SV) 1 

Common Mode Rejection 

80dB typ | 

Max. Safe Input Voltage 


Vs 

POWER SUPPLY 



Rated Voltage 

±15 VDC | 

Voltage Range, derated 

±5 to ±20 VDC 1 

Current, quiescent 

±4 mA 1 

TEMPERATURE RANGE 



Specification 

0° to +70°C 

-55° to +125°C | 

Operating 

-25° to +85°C 

-55° to +125°C I 

Storage 

-65° to +1 50°C I 

1 
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INPUT 

CMR (dB) OPEN LOOP GAIN (dB) VOLTAGE GAIN (dB) BIAS CURRENT (pA) 


TYPICAL PERFORMANCE CURVES 

(@+25°C and ±15 Vdc unless otherwise specified) 

NORMALIZED INPUT BIAS RMS INPUT NOISE VOLTAGE vs. P-P INPUT NOISE VOLTAGE vs. 

CURRENT vs. TEMPERATURE SOURCE RESISTANCE SOURCE RESISTANCE 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



10 5 10 6 10 7 10 8 
SOURCE RESISTANCE (ft) 



10 5 10 6 10 7 10 8 
SOURCE RESIST ANCE (ft) 


OPEN LOOP FREQUENCY 
RESPONSE 



1 10 100 lk 10k 100k 1M 10M 


OUTPUT VOLTAGE vs. 
FREQUENCY 



lk 10k 100k 1M 


VOLTAGE FOLLOWER 



0 40 80 120 160 200 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


TIME (jus) 


VOLTAGE GAIN vs. 
SUPPLY VOLTAGE 



SUPPLY VOLTAGE (±V) 


OUTPUT VOLTAGE vs. 


OUTPUT CURRENT 



OUTPUT VOLTAGE vs. 



0 4 8 12 16 20 

SUPPLY VOLTAGE (±V) 


COMMON MODE REJECTION vs. 
FREQUENCY 



FREQUENCY (Hz) 


COMMON MODE RANGE vs. 



0 4 8 12 16 20 

SUPPLY VOLTAGE (±V) 


POWER SUPPLY REJECTION vs. 



1 10 100 lk 10k 100k 1M 

FREQUENCY (Hz) 


Mil 


3542 



WIRING CONSIDERATIONS 

SHIELDING AND GUARDING 

The low bias current and high input impedance of the 
3542 are well -suited to a number of stringent applications. 
However, careless signal wiring or printed circuit board lay- 
out can degrade circuit performance several orders of 
magnitude below the capability of the 3542. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce “hum” pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the 3542. To avoid leakage 
problems, it is recommended that the signal input lead of 
the 3542 be wired to a Teflon standoff. If the 3542 is to 
be soldered directly into a printed circuit board, utmost care 
must be used in planning the board layout. A “guard” 
pattern should completely surround the two amplifier input 
leads and should be connected to a low impedance point 
which is at the signal input potential. 

The amplifier case should be connected to any input shield 
or guard via pin 8. This insures that the amplifier itself is 
fully surrounded by guard potential, minimizing both leakage 
and noise pickup. Figure 1 illustrates the use of the guard 
for both inverting and non-inverting circuits. 


OFFSET VOLTAGE ADJUSTMENT 

Although the 3542 has a moderately low initial offset 
voltage (5 mV, typ) compatible with it’s moderate voltage 
drift, some applications may require external nulling of this 
small offset. Figure 2 shows the recommended circuit for 
adjustment of the offset voltage. 
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Fast-Settling FET 
OPERATIONAL AMPLIFIERS 


FEATURES 

• SETTLING TIME (0.01%). 600ns. max 

• TRUE DIFFERENTIAL INPUT 

• SLEW RATE, 100 V/ps, min 

• FULL POWER. 1.5MHz. min 

• INPUT IMPEDANCE. 10" ft 

• INTERNALLY COMPENSATED 

• STABLE OPERATION. lOOOpF. typ 


DESCRIPTION 

The 3550 is specifically designed for fast transient 
applications such as D/A and A/D conversion, 
sample/ hold, multiplexer buffering and pulse 
amplification where the primary amplifier 
requirements are fast settling, good accuracy, and 
high input impedance. 

Because the 3550 is internally compensated, 
elaborate compensation schemes requiring external 
components are not necessary. The smooth 
6dB/ octave rolloff of open-loop gain and the low 
output impedance provides the excellent step 
response and smooth settling without sacrificing 
frequency stability (no oscillations even with lOOOpF 
of capacitive load)! A 10 to 1 improvement in settling 
time with large capacitive loads can be obtained with 
the addition of a single capacitor. 

Unlike many wideband and fast settling amplifiers 
the 3550 has a true differential input. This means it 
can provide its excellent transient performance in the 
inverting, non-inverting, current to voltage, and 
difference configurations. 

The 3550J and S have identical specifications except 
for temperature range: The 3550J is specified forO°C 
to +70°C and the 3550S is specified for -55°C to 
+125°C. The 3550K has improved dynamic 
specifications and is specified over the 0°C to +70°C 
temperature range. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP • Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Specifications typical at 2S°C and ±15 Vdc Power Supply unless otherwise noted. 

MODELS 

3550J 

3550K 

3550S 

OPEN LOOP GAIN, dc 



no load 

100 dB 


1 kfi, load min 

88 dB 


RATED OUTPUT 



Voltage, min 

±10 V 


Current, min 

±10 mA 


Open loop Output Resistance 

100 n @ 1 MHz 


DYNAMIC RESPONSE 



Bandwidth (0 dB, small signal) 

10 MHz 

20 MHz 

10 MHz 

Full Power Response, min 

1.0 MHz 

1.5 MHz 

1.0 MHz 

Slew Rate, min 

65 V/jus 

100 V/Msec 

65 V/ms 

Settling Time (0.01%), max 

1 ids 

0.6 ms 

1 ms 

INPUT OFFSET VOLTAGE 



Initial Offset, 25°C, max 

±1 mV 


vs. Temp 

±50 mV/°C 


vs. Supply Voltage 

±500 juV/V 


vs. Time 

±100 juV/mo 


INPUT BIAS CURRENT 



Initial Bias, 25°C, max 

-400pA (after full warm-up) 1 

vs. Temperature 

doubles every 10°C 1 

vs. Supply Voltage 

±1 pA/V 


INPUT DIFFERENCE CURRENT 



Initial Difference, 2 5°C 

±10 pA 


INPUT IMPEDANCE 



Differential 

10 1 1 fl || 3 pF 


Common Mode 

10 1 1 S2 || 3 pF 


INPUT NOISE 



Voltage, .01 Hz - 10 Hz, p-p 

20 mV 


10 Hz - 10 kHz, rms 

4 mV 


Current, .01 Hz - 10 Hz, p-p 

0.2 pA 


10 Hz - 10 kHz, rms 

1.5 pA 


INPUT VOLTAGE RANGE 



Common Mode Voltage 

±(|V s |-S) V 


Common Mode Rejection 

70 dB (& +5 V, -10V 1 

Max. Safe Input Voltage 

±Supply 


POWER SUPPLY 



Rated Voltage 

±15 Vdc 


Voltage Range, derated 

±5 to ±20 Vdc 


Current, quiescent 

L <•> 

11 mA 


TEMPERATURE RANGE 



Specification 

0° to +70°C 

-55° to +125°C 

Operating 

-55°C to + 125°C 

-55° to +125°C 

Storage 

-65° to +1 50°C 







(1) The use of a finned heatsink is recommended. 


MECHANICAL 

TO-99 


9.39 mm 
(.370") dia 



BOTTOM VIEW 


Dimensions in inches are in parentheses. 

Pin material and plating composition 
conform to method 2003 (solderability) 
of Mil-Std-883 [except paragraph 3.2] 


CONNECTION DIAGRAM 


TOP VIEW 
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Voltage Gain (dB) Normalized Input Bias Current (pA) Voltage (V) Settling Time (/usee) 


TYPICAL PERFORMANCE CURVES 

1 A = 25°C V s = ±15 Vdc unless otherwise indicated. 


SETTLING TIME vs. 
CAPACITIVE LOAD 



Capacitive Load (pF) 

™ C c = 0 Cq = .02 x C|_ 

LARGE SIGNAL VOLTAGE 
FOLLOWER PULSE RESPONSE 


SETTLING TIME vs. 
CLOSED LOOP GAIN 


Closed Loop Gain (V/V) 


COMMON MODE REJECTION 
vs. FREQUENCY 


V rM = +5V, -10V 


SETTLING TIME vs. 
OUTPUT VOLTAGE CHANGE 




Settling Time (nsec) 


COMMON MODE REJECTION 
vs. SUPPLY VOLTAGE 


NORMALIZED INPUT BIAS 
CURRENT vs. TEMPERATURE 


10 100 Ik 10k 100k 1 M 10M 
Frequency (Hz) 


OUTPUT VOLTAGE 
vs. FREQUENCY 


1 1 1 

V s =+20Vdc 

r l 

= 

Ikn 

| 





V s =±1 5Vdc 





1 





V s =+10Vdc 








L 


V s =+5Vdc 








W" T "\ 

+25°C 


o 

o 

in 

in 






Supply Voltage (±V) 

QUIESCENT CURRENT 
vs. SUPPLY VOLTAGE 


0 +50 +100 

Temperature (°C) 


OPEN LOOP RESPONSE 


10 100 Ik 10k 100k 1 M 10M 
Frequency (Hz) 


OPEN LOOP GAIN 
vs. SUPPLY VOLTAGE 


2 4 6 8 10 12 14 16 18 20 22 
Supply Voltage (±V) 

MAXIMUM 

POWER DISSIPATION 



10 100 Ik 10k 1 00k 1 M 10M 
Frequency (Hz) 



2 4 6 8 10 12 14 1618 20 22 
Supply Voltage (±V) 



0 25 50 75 100 125150 175 200 

Ambient Temperature (°C) 









APPLICATIONS 

SETTLING TIME 


Settling time of an amplifier is defined (see Figure 1) as the 
total time required, after an input step signal, for the out- 
put to “settle” within a specified error band around the 
final value. This error band is expressed as a percentage 
of the magnitude of the step transition. A recommended 
test circuit for settling time is shown in Figure 2. The 
output error signal appears, attenuated by a factor of two, 
at point A and may be observed at this point with the aid 
of an oscilloscope. The diodes act as limiters to prevent 
overloading the oscilloscope during the fast leading edge of 
the input signal. All resistors should be 2 k£2 or less to 
eliminate degradation of performance due to stray capaci- 
tance. A typical measurement desired is the settling time 
to .01% for a 10 volt step input. This is the time required 
for the signal at point J A to decrease to 0.5 mV or less and 
remain below this level. 



Settling time for noninverting circuits can also be measured 
but requires the use of ultra-fast differential amplifier test 
fixtures. For the 3550 settling time is equal for inverting 
or noninverting circuits of equal gain. 



Because settling time is affected by bandwidth which in 
turn is dependent upon closed-loop gain, the settling time 
of any operational amplifier will be a function of closed 
loop gain. Settling time vs. gain curves on page 1-1 15 illustrate 
this effect for the 3550 at several levels of settling accuracy. 

The 3550 is remarkably tolerant of load capacitance because 
of its stable, 6 dB/octave gain rolloff and low output imped- 
ance. Settling time vs. load capacitance curves show this 
characteristic for the unity-gain configuration. For larger 
values of load capacitance the compensation technique of 
Figure 3 may be used to optimize the response. The slight 
negative feedback provided by C(^ tends to reduce any ringing 
at the top of the output voltage waveform without signifi- 
cantly affecting the slew rate. See the settling time vs. load 
capacitance curves for typical improvements in settling time. 



FIGURE 3. Compensation for Load Capacitance. 

WIRING RECOMMENDATIONS 


In order to fully realize the high frequency performance 
capabilities of the 3550, proper attention must be given to 
layout, component selection and grounding. All leads 
associated with the input and feedback elements should be 
as short as possible and all connections should be made as 
close to the amplifier terminals as possible. Input and feed- 
back resistors should be made as small as possible consistent 
with other circuit constraints. Capacitance from the output 
to noninverting input can cause high frequency oscillations, 
particularly in high gain circuits operating from large source 
impedances. Careful layout of wiring or PC board patterns 
is the only satisfactory way of preventing such problems. 

In order to prevent high frequency oscillations due to lead 
inductance the power supply leads should be bypassed. This 
should be done by connecting a 10 juf tantalum capacitor 
in parallel with a 0.001 juf ceramic capacitor from pins 7 and 
4 to the power supply common. 

INPUT AND OUTPUT VOLTAGE RANGE 

Although the 3550 is specified for best operation on power 
supply voltage of ±15 Vdc, it will operate with minor 
performance changes over a power supply voltage range of 
+5 VDC to +20VDC. Many of the curves on page 1-1 15 show 
performance of the 3550 when operated from suppliesother 
than ±15 Vdc. 
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Wideband and Fast-Settling FET 
OPERATIONAL AMPLIFIERS 


FEATURES 

• REDUCES WIDEBAND ERRORS 

50MHz Gain-bandwidth product (ACL >10) 

250V/ps slew rate (Cf = 0) 

• VERSATILE 

Single compensation capacitor allows 
optimum response 
True differential input 

• PRESERVES DC ACCURACY 

Bias current, lOOpA, max 
Laser-trimmed offset voltage 

DESCRIPTION 

The 355 1 is designed to offer the user versatility in wideband 
steady state and fast transient applications. The use of a 
single external compensation capacitor allows the user to 
optimize frequency response for maximum bandwidth for 
a variety of closed loop -gains and capacitive loads. The 
amplifier is stable at closed-loop gains of greater than 20V / V, 
with no external compensation and may be stablized at all 
gains with the single lOpF compensation capacitor. 

In addition to the excellent dynamic response characteris- 
tics, the 3551 also has good DC properties. The use of a 
monolithic FET input stage gives the 3551 yery low input 
bias and offset currents. This is in contrast to the high input 
currents usually associated with fast amplifiers having bipolar 
input stages. Also, the input offset voltage and offset voltage 
drift are low as a result of Burr-Brown’s laser-trimming tech- 
niques. 

Unlike many wideband and fast settling amplifiers, the 3551 
has a true differential input. This means it can provide its 
excellent wideband response in the inverting, noninverting, 
current-to-voltage and difference configurations. 

The 3551 is an excellent choice for applications such as 
fast D/A and A/D converters, high speed comparators and 
fast sampling circuits, to name just a few. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Specifications typical at 25°C and ±15VDC Power Supply unless otherwise noted. 


| MODELS 

3551J | 3551 S 

| OPEN LOOP GAIN, DC | 

No Load 

lOOdB 

1 kri. Load min 

88 dB 

| RATED OUTPUT ( 

Voltage, min 

±10V 

Current, min 

±10mA 

Open Loop Output Resistance 

100ft at 1MHz 


Gain-Bandwidth Product 


Gain = 1000 

50MHz 

Gain = 10 

50MHz 

Slew Rate (Ct = 0) 

250V/ M sec 

| INPUT OFFSET VOLTAGE | 

Initial Offset, 25°C, max 

±1mV 

vs. Tempi 1 ) 

±50 M V/°C 

vs. Supply Voltage 

±500 m V/V 

vs. Time 

±100/iV/mo 

| INPUT BIAS CURRENT J 

Initial Bias, 25°C, max 

-400pA (after full warm-up) 

vs. Temperature 

doubles every 10°C 

vs. Supply Voltage 

±1 pA/V 

| INPUT DIFFERENCE CURRENT f 

| Initial Difference, 25°C 

±10pA | 

| INPUT IMPEDANCE | 

Differential 

lonn || 3pF 

Common-mode 

lonn II 3pF 

| INPUT NOISE | 

Voltage, 0.01Hz to 10Hz, p-p 

20 m V 

Voltage, 10Hz to 10kHz, rms 

4 M V 

Current, 0.01Hz to 10Hz, p-p 

0.2pA 

Current, 10Hz to 10kHz, rms 

1 5pA 

INPUT VOLTAGE RANGE f 

Common-mode Voltage 

±i|Vcc | -5 ) V 

Common-mode Rejection 

70dB at +5V, -10V 

Max. Safe Input Voltage 

±Supply 

| POWER SUPPLY 1 

Rated Voltage 

±15VDC 

Voltage Range, derated 

±5VDC to +20VDC 

Current, quiescent! 1 ) 

11mA 

j TEMPERATURE RANGE f 

Specification 

0°C to +70° C 1 -55°C to +125°C 

Operating 

-55°C to +125°C . 1 -55°C to +125°C 

Storage 

-65°C to +150°C 


NOTE: 

1. The use of a finned heat sink is recommended. 


MECHANICAL TO-99 




Leads in true position within .010" 
(.25mm) R MMC at seating plane. 


Pin numbers shown for reference only. 
Numbers may not be marked on package. 



Pin material and plating composition 
conform to method 2003 (solderability) 
of Mil-Std-883 [except paragraph 3.2] 
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_ Normalized Input Bias Current (pA) _ . Voltage Gain (dB) 

Common-Mode Rejection (dB) Settling Time (jusec) 
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APPLICATIONS 


WIRING RECOMMENDATIONS 

In order to fully realize the high frequency performance 
capabilities of the 3551, proper attention must be given to 
layout, component selection and grounding. All leads associ- 
ated with the input and feedback elements should be as short 
as possible and all connections should be made as close to the 
amplifier terminals as possible. Input and feedback resistors 
should be made as small as possible consistent with other 
circuit constraints. Capacitance from the output to non- 
inverting input can cause high frequency oscillations, parti- 
cularly in high gain circuits operating from large source im- 
pedances. Careful layout of wiring or PC board patterns is 
the only satisfactory way of preventing such problems. 



FIGURE 1 . Proper Grounding Methods 


In order to prevent high frequency oscillations due to lead 
inductance the power supply leads should be bypassed. This 
should be done by connecting a 10 juf tantalum capacitor 
in parallel with a 0.001 juf ceramic capacitor from pins 7 and 
4 to the power supply common. 

INPUT AND OUTPUT VOLTAGE RANGE 

Although the 3551 is specified for best operation on power 
supply voltage of ±15 VDC, it will operate with minor per- 
formance changes over a power supply voltage range of 
+5 VDC to ±20 VDC. Many of the performance curves show 
performance of the 355 1 when operated from supplies other 
than +15 VDC. 

INPUT/OUTPUT PROTECTION 

All of the amplifiers listed in the specification table are de- 
signed to withstand input voltages as high as the supply 
voltage, without damage to the amplifier. Thus, inputs may 
be subjected to either supply voltage, in any combination, 
without damage. 

Output stages are internally current limited and will with- 
stand short-circuit-to-ground conditions. However, applica- 
tion of nonzero potential to the output pin may cause per- 
manent damage and should be prevented by the proper pre- 
cautions. 

SETTLING TIME 

Settling time of an amplifier is defined as the total time re- 
quired, after an input step signal, for the output to “settle” 
within a specified error band around the final value. This 
error band is expressed as a percentage of the magnitude of 
the step transition. 

Because settling time is affected by bandwidth which in turn 
is dependent upon closed loop gain, the settling time of any 
operational amplifier will be a function of closed loop gain. 
Settling time vs. gain curves illustrate this effect for the 
3551 at several levels of settling accuracy. 
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Wideband - Fast-Slewing 
BUFFER AMPLIFIER 


FEATURES 

• GAIN = .99V/V 

• OUTPUT CURRENT, ±200mA 

• BANDWIDTH, 300MHz 

• SLEW RATE, 2000V/psec 

• ELECTRICALLY ISOLATED CASE 

• EXTENDS OP AMP DRIVING CAPABILITY WHILE 
PRESERVING BANDWIDTH & SETTLING TIME 

DESCRIPTION 

The 3553 is a unity-gain amplifier designed to be used 
either as a signal buffer, or as the power output stage 
for an operational amplifier. Because of its wideband 
response (300MHz, -3dB bandwidth) and fast 
slewing capability (2000V / /usee) the 3553 is capable 
of following very fast signals. When used inside the 
feedback loop of an operational amplifier, these high 
speed characteristics are essential in order to preserve 
the performance and stability of the feedback 
amplifier circuit. 

With its ±200mA of output current capability, the 
3553 is capable of driving a signal of ±10V into a 500 
load. This power capability, coupled with its 
extremely high speed and wide bandwidth, makes the 
3553 ideally suited for line driving applications where 
fast pulses or wideband signals are involved. 

In addition to its fast /wideband characteristics and 
high output current, the 3553 has low input offset 
voltage and drift. This adds to its versatility, 
particularly in stand-alone buffer amplifier 
applications. 

The 3553 is packaged in a reliable hermetically sealed 
TO-3 package for environmental ruggedness. The 
metal case is completely electrically isolated. This 
simplifies mounting and reduces cost since the need 
for insulating spacers and bushings is eliminated. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: yiO-952-1 111 - Cable: BBRCORP - Telex: 66-6491 

PDS-329B Printed in U.S. A. July. 1978 


1-121 






SPECIFICATIONS 


Specifications are typical at +2 5°C Case Temperature and ± 15 VDC power supply 
unless otherwise noted. 


ELECTRICAL 

MODEL 

3553AM 

GAIN, DC 


No Load 

0.98 V/V 

50 Load, min 

0.92 V/V 

RATED OUTPUT 


Voltage, min 

±10 V 

Current, min 

±200 mA 

Output Resistance 

i n 

DYNAMIC RESPONSE 


Slew Rate, min 

2000 V/Msec 

Full Power Bandwidth, min 

32 MHz 

Small Signal -3dB Bandwidth 

300 MHz 

Settling Time to 1% 

7.2 nsec 

to .01% 

14.5 nsec 

INPUT PARAMETERS 


Input Voltage, linear range 

±10 V 

Input Voltage, absolute, max 

±Supply Voltage 

Input Impedance 

10 1 1 n 

Input Bias Current @ +2 5°C 

-200 pA 

(doubles/+ 10°C) 


OUTPUT OFFSET VOLTAGE 


Initial Offset @ +25°C, max 

±50 mV 

vs. Temperature (average) -2 5°C to +85°C 

±300 pV/°C 

POWER SUPPLY 


Rated Voltage 

±15 VDC 

Voltage Range, derated 

±5 VDC to ±20 VDC 

Current, Quiescent, max 

±80 mA 

typ 

±50 mA 

TEMPERATURE RANGE (Case) 


Specification 

-25°C to +85°C 

Operation (derate above +120°C Case) 

-55°C to + 1 2S°C 

Storage 

-65°C to +150°C 

0jc Thermal Resistance, junction to case 

6°C/W 

0j A Thermal Resistance, junction to ambient 

33°C/W 


MECHANICAL 

M PACKAGE (TO— 3) 



1 . 01 mm I 
0.040"ldia"*1l'* - 


7mm (.500")dia 
circle 




'40° (BOTTOM 

typ v VIEW) 


4 3.96 ±0.1 3mr 

H 0.1 56 ±0.005")di 


30.15 ±0.26mm 
(1.187 ±0.01 ") 


Pin material and plating composition 
conform to Method 2003 (solderability ) 
of Mil-Std-883 [except paragraph 3.2] 



CONNECTION DIAGRAM 

(TOP VIEW) 


+ V CC 


Output 

N.C. * 

Input ^4 J 


nc *G) £sj 

N.C.* 

N.C.* 

" V CC 

case is 

electrically 

isolated 

*No internal connection 
CONNECTOR: 0803MC 
HEATSINKS: 0803HS12°C/W 

0804 HS 4.2°C/W 
0805 HS 3°C/W 



1-122 
























TYPICAL PERFORMANCE CURVES 


Typical at 25 °C and rated supply voltage unless otherwise noted. 



SMALL SIGNAL 
FREQUENCY RESPONSE 



10 Ik 100k 1 0M 1 G 

Frequency (Hz) 

QUIESCENT POWER SUPPLY 
CURRENT vs SUPPLY VOLTAGE 



PHASE SHIFT 



Ik 100k 1 0M 

Frequency (Hz) 

GAIN vs 

SUPPLY VOLTAGE 






1 

BhiwM 



1 




1 


m 





■ 

1 


5 10 15 20 

Supply Voltage (+-V CC ) 


OUTPUT VOLTAGE RANGE 



05 10 15 20 

Supply Voltage ( ± ^ qq ) 

POWER DISSIPATION 



APPLICATION INFORMATION 


BOOSTER AMPLIFIER 

One of the primary applications for the 3553 is that of a 
current booster for an operational amplifier. The circuit 
of Figure 1 is typical of such applications. Note that the 
3553 is used inside the feedback loop and becomes, effec- 
tively, the output stage of the composite amplifier. Be- 
cause the 3553 has unity voltage gain, wideband response, 
fast slewing rate, and very little phase delay, the dynamic 
response of the operational amplifier is virtually unaffected 
by the addition of the booster. 

The already low offset voltage of the 3553 is effectively 
reduced by a factor equal to the open loop gain of the 
operational amplifier and becomes a negligible factor in 
total offset error of the circuit. 

Input impedance of the 3553 is extremely high, thus requir- 
ing almost no drive current from the operational amplifier. 
On the other hand, the presence of the 3553 in the circuit 
increases the output current capability to ±200 mA, drasti- 
cally lowers the output impedance of the loop, and permits 
the driving of low impedance loads such as a terminated 50F2 
coaxial line. 


Capacitive loads, often a source of instability and oscillations 
in operational amplifier circuits, are buffered .by the pre- 
sence of the 3553. In driving heavily capacitive loads the 
slew rate of the 3553 will be seen to decrease. This is due 
simply to the large currents required by fast voltage slewing 

in a capacitive load, ... 

t _ r dV 
l c Moad 


The internal current limit of the 3553 (approximately 
600 mA) places a limit on the slewing rate under such 
conditions. 
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BUFFER AMPLIFIER 

The 3553 may also be used, as shown in Figure 2, as a unity 
gain buffer amplifier. No operational amplifier is required 
in this mode of operation. Since the 3553 is then operated 
without feedback, it’s offset voltage and drift are translated 
to the output. While the gain is not precisely unity in this 
mode, the accuracy is adequate for many applications. 

INPUT/OUTPUT PROTECTION 

The output stage of the 3553 is current limited at approx- 
imately 600 mA. This will provide a measure of output short 
circuit protection for the amplifier for a period of time as 
determined by the heatsinking used, the amplifier’s thermal 
resistance, the ambient temperature, etc. The amplifier’s 
output stage transistors should not be allowed to exceed 
1 50°C (175°C absolute max). 

The input stage is designed to allow the application of either 
supply voltage without damage to the amplifier. 


POWER DISSIPATION 

The power dissipation capability of the 3553 varies with 
ambient temperature and with the type of heat sink used. 
A heat sink may be used to increase the dissipation capabil- 
ity or to achieve a given dissipation capability at higher tem- 
perature. The power derating curve is given in the typical 
performance curves on page 1-123. 

WIRING RECOMMENDATIONS 

No special wiring techniques are necessary with the 3553. 
However, it is recommended, as a good engineering practice, 
that the power supply lines be bypassed to common at a 
point near the amplifier. (A 1 .0 juF electrolytic in parallel 
with a 1000 pF ceramic is recommended.) If the 3553 is 
used with a wideband operational amplifier, all leads must 
be kept as short as possible to minimize stray capacitance 
and unwanted feedback paths. 



FIGURE 2. Model 3553 as a unity gain buffer. 
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Wideband - Fast-Settling 
OPERATIONAL AMPLIFIER 


DESCRIPTION 

The 3554 is a full differential input, wideband operational 
amplifier. It is designed specifically for the amplification 
or conditioning of wideband data signals and fast pulses. 
It features an unbeatable combination of gain-bandwidth 
product, settling time and slew rate. It uses hybrid 
construction. On the beryllia substrate are matched input 
FETs, thin-film resistors and high speed silicon dice. 
Active laser trimming and complete testing provide 
superior performance at a very moderate price. 

The 3554 has a slew rate of 1000V / /xsec and will output 
±10V and ± 100mA. When used as a fast settling 
amplifier, the 3554 will settle to ±0.05% of the final value 
within 1 50nsec. A single external compensation capacitor 
allows the user to optimize the bandwidth, slew rate or 
settling time in the particular application. 

The 3554 is reliable and rugged and addresses almost any 
application when speed and bandwidth are serious 
considerations. It is particularly a good choice for use in 
fast settling circuits, fast D/A converters, multiplexer 
buffers, comparators, waveform generators, integrators, 
and fast current amplifiers. It is available in several grades 
to allow selection of just the performance required. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 


FEATURES 

• SLEW RATE, lOOOVpsec 

• FAST SETTLING, 150nsec, max (to ±.05%) 

• GAIN-BANDWIDTH PRODUCT, 1.7GHz 

• FULL DIFFERENTIAL INPUT 

APPLICATIONS 

• PULSE AMPLIFIERS 
•TEST EQUIPMENT 
•WAVEFORM GENERATORS 

• FAST D/A CONVERTERS 


PDS-33 1 A 
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TYPICAL CIRCUITS 



NOTES: 

1. These circuits are optimized for driving large capacitive loads (to 470pF). 

2. The 3554 is stable at gains of greater than 55 (C L < lOOpF) without any frequency compensation. 

3. 45nsec is optimum. Very fast rise times (10-20nsec) may saturate the input stage causing less than 
optimum settling time performance. 

♦Indicates component that may be eliminated when large capacitive loads are not being driven by the device. 
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ELECTRICAL SPECIFICATIONS 


At Tcase = 25°C and ±15VDC, unless otherwise noted. 


PARAMETERS 


OPEN LOOP GAIN,DC 

No Load 
Rated Load 


RATED OUTPUT 

Voltage 

Current 

Output Resistance, open loop 


DYNAMIC RESPONSE 

Bandwidth (OdB, small signal) 
Gain-bandwidth Product 


Full Power Bandwidth 
Slew Rate 

Settling Time to ±1% 

to ±.1% 
to ±.05% 
to ±.01% 


INPUT OFFSET VOLTAGE 

Initial offset, Ta = 25°C 
vs. Temp (T A = -25°C to +85°C) 
vs. Temp (T A = -55°C to +125°C) 
vs. Supply Voltage 


INPUT BIAS CURRENT 

Initial bias, 25°C 
vs. Temp 

vs. Supply Voltage 


INPUT DIFFERENCE CURRENT 

Initial difference, 25°C 


INPUT IMPEDANCE 

Differential 

Common-mode 


INPUT NOISE 

Voltage, fo = 1Hz 
f„ = 10 Hz 
fo = 100 Hz 
f„ = 1 kHz 
fo = 10 kHz 
fo = 100 kHz 
fo = 1 MHz 
f B = .3 Hz to 10 Hz 
f B = 10 Hz to 1 MHz 
Current, f B = .3 Hz to 10 Hz 
f B = 10 Hz to 1 MHz 


INPUT VOLTAGE RANGE 

Common-mode Voltage Range 
Common-mode Rejection 
Max. Safe Input Voltage 


POWER SUPPIY 

Rated Voltage 

Voltage Range, derated performance 
Current, quiescent 


TEMPERATURE RANGE (ambient) 
Specification 

Operating, derated performance 
Storage 
0 junction-case 
0 junction-ambient 



Io = ± 100mA 
Vo = ±10V 
f = 10MHz 


Cf = 0 

C F = 0, G = 10 V/V 
Cf =0, G = 100 V/V 425 

C F = 0, G = 1000 V/V 1000 

C F = 0, Vo = 20Vp-p, Rt = lOOfi 16 
Cf = oi Vo = 20Vp-p, R L = 100D 1000 
A = -1 
A = -I 
A = -1 
A = -1 


90 


225 


725 


1700 


19 


1200 


60 


120 


140 

150 

200 

250 



-10 

-50 

E9 


±2 

1B8 

10" || 2 
10" || 2 

■ 



■■■■■■■■■I 



r s = ioon 
r s = ioon 
r s = ioon 
R s = ioon 
r s = ioon 
R s = ioon 
R s = ioon 
r s = ioon 
R s = ioon 
r s = ioon 
Rs = ioon 


* Specifications same as for 3554AM 
** Doubles every +10°C 

t This parameter is untested and is not guaranteed. This specification is established to a 90% confidence level. 
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TYPICAL PERFORMANCE CURVES 

at T c = +25°C and ± 1 5VDC unless otherwise noted. 


OUTPUT VOLTAGE VS OUTPUT CURRENT 
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MECHANICAL 



A/?\ L 

(Bottom View) v©r^+jr 


| ■tilt g. T .r_y tji:m ■t.tlv 

IEZ3 

m 



i mmiEsasM 

1 1-13"!!'-1MI gEpBi 

Igl’MMTBBPIMBBEai 


Pin material and 
plating composi- 
tion conform to 
Method 2003 
(solderability) of 
Mil-Std-883 
[except para- 
graph 3.2 J. 


NOTE: 

Leads in true position within .010" 
(.25mm) R ® MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 


AMPLIFIER 

CONNECTIONS 

+V C 

Offset Potentiometer 

if 

(Optional) 

1 20kfl 

+V 


*4j>- 




HH 

Cp Frequency Compensation 

- V s 

There is no internal case connection. 
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APPLICATIONS INFORMATION 


WIRING PRECAUTIONS 

The 3554 is a wideband, high frequency operational 
amplifier that has a gain-bandwidth product exceeding 1 
Gigahertz. The full performance capability of this 
amplifier will be realized by observing a few wiring 
precautions and high frequency techniques. 

Of all the wiring precautions, grounding is the most 
important and is described in an individual section. The 
mechanical circuit layout also is very important. All 
circuit element leads should be as short as possible. All 
printed circuit board conductors should be wide to 
^provide low resistance, low inductance connections and 
should be as short as possible. In general, the entire 
physical circuit should be as small as practical. Stray 
capacitances should be minimized especially at high 
impedance nodes such as the input terminals of the 
amplifier. Pin 5, the inverting input, is especially sensitive 
and all associated connections must be short. Stray signal 
coupling from the output to the input or to pin 8 should 
be minimized. A recommended printed circuit board 
layout is shown with the TYPICAL CIRCUITS. It also 
may be used for test purposes as described below. 

When designing high frequency circuits low resistor 
values should be used; resistor values less than 5.6kfl are 
recommended. This practice will give the best circuit 
performance as the time constants formed with the circuit 
capacitances will not limit the performance of the 
amplifier. 


GROUNDING 

As with all high frequency circuits a ground plane and 
good grounding techniques should be used. The ground 
plane should connect all areas of the pattern side of the 
printed circuit board that are not otherwise used. The 
ground plane provides a low resistance, low inductance 
common return path for all signal and power returns. The 
ground plane also reduces stray signal pick up. An 
example of an adequate ground plane and good high 
frequency techniques is the Settling Time Test Circuit 
Layout shown with the TYPICAL CIRCUITS. 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. A combination of a 
1/jlF tantalum capacitor in parallel with a 470pF ceramic 
capacitor is a suitable bypass. 

In inverting applications it is recommended that pin 6, the 
non-inverting input, be grounded rather than being 
connected to a bias current compensating resistor. This 
assures a good signal ground at the non-inverting input. 
A slight offset error will result; however, because the 
resistor values normally used in high frequency circuits 
are small and the bias current is small, the offset error will 
be minimal. 


If point to point wiring is used or a ground plane is not, 
single point grounding should be used. The input signal 
return and the load signal return and the power supply 
common should all be connected at the same physical 
point. This will eliminate any common current paths or 
ground loops which could cause signal modulation or 
unwanted feedback. 

It is recommended that the case of the 3554 not be 
grounded during use (it may, if desired). A grounded case 
will add a slight capacitance to each pin. To an already 
functional circuit grounding the case will probably 
require slight compensation readjustment and the 
compensation capacitor values will be slightly different 
from those recommended in the typical performance 
curves. There is no internal connection to the case. 
Proper grounding is the single most important aspect of 
high frequency circuitry. 

GUARDING 

The input terminals of the 3554 may be surrounded by a 
guard ring to divert leakage currents from the input 
terminals. This technique is particularly important in low 
bias current and high input impedance applications. The 
guard, a conductive path that completely surrounds the 
two amplifier inputs, should be connected to a low 
impedance point which is at the input signal potential. It 
blocks unwanted printed circuit board leakage currents 
from reaching the input terminals. The guard also will 
reduce stray signal coupling to the input. 

In high frequency applications guarding may not be 
desirable as it increases the input capacitance and can 
degrade performance. The effects of input capacitance, 
however, can be compensated by a small capacitor placed 
across the feedback resistor. This is described further in 
the COMPENSATION section. 


COMPENSATION 

The 3554 uses external frequency compensation so that 
the user may optimize the bandwidth or slew rate or 
settling time for his particular application. Several typical 
performance curves are provided to aid in the selection of 
the correct compensation capacitance value. In addition 
several typical circuits show recommended compensation 
in different applications. 

The primary compensation capacitor, Cf, is connected 
between pins 1 and 3. As the performance curves show, 
larger closed loop gain configurations require less 
capacitance and an improved gain-bandwidth product 
will be realized. Note that no compensation capacitor is 
required for closed loop gains above 55 V/ V and when the 
load capacitance is less than 100 pF. 

When driving large capacitive loads, 470 pF and greater, 
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an additional capacitor, Cg, is connected between pin 8 
and ground. This capacitor is typically 1000 pF. It is 
particularly necessary in low closed loop voltage gain 
configurations. The value may be varied to optimize 
performance and will depend upon the load capacitance 
value. In addition, the performance may be optimized by 
connecting a small resistance in series with the output and 
a small capacitor from pin 1 to 5. See the TYPICAL 
CIRCUITS for the X10 Inverter. 

The flat high frequency response of the 3554 may be 
preserved and any high frequency peaking avoided by 
connecting a small capacitor in parallel with the feedback 
resistor. This capacitor will compensate for the closed 
loop, high frequency, transfer function zero that results 
from the time constant formed by the input capacitance 
of the amplifier, typically 2 pF, and the input and 
feedback resistors. Using small resistor values will keep 
the break frequency of this zero sufficiently high, 
avoiding peaking and preserving the phase margin. 
Resistor values less than 5.6kO are recommended. The 
selected compensation capacitor may be a trimmer, a 
fixed capacitor or a planned PC board capacitance. The 
capacitance value is strongly dependent on circuit layout 
and closed loop gain. It will typically be 2 pF for a clean 
layout using low resistances (lkH) and up to 10 pF for 
circuits using larger resistances. 


SETTLING TIME 

Settling time is truly a complete dynamic measure of the 
3554’s total performance. It includes the slew rate time, a 
large signal dynamic parameter, and the time to 
accurately reach the final value, a small signal parameter 
that is a function of bandwidth and open loop gain. The 
settling time may be optimized for the particular 
application by selection of the closed loop gain and the 
compensation capacitance. The best settling time is 
observed in low closed loop gain circuits. A performance 
curve shows the settling time to three different error 
bands. 

Settling time is defined as the total time required, from 
the signal input step, for the output to settle to within the 
specified error band around the final value. This error 
band is expressed as a percentage of the magnitude of the 
output transition. 


SLEW RATE 

Slew rate is primarily an output, large signal parameter. It 
has virtually no dependence upon the closed loop gain or 
the bandwidth, per se. It is dependent upon 
compensation. Decreasing the compensation capacitor 
value will increase the available slew rate as shown in the 
performance curve. Stray capacitances may appear to the 
amplifier as compensation. To avoid limiting the slew 
rate performance, stray capacitances should be 
minimized. 


CAPACITIVE LOADS 

The 3554 will drive large capacitive loads (up to 1000 pF) 
when properly compensated. See the APPLICATIONS 
INFORMATION section on COMPENSATION. The 



CO 


effect of a capacitive load is to decrease the phase margin 
of the amplifier. With compensation the amplifier will 
provide stable operation even with large capacitive loads. 


The 3554 is particularly well suited for driving 500 loads 
connected via coaxial cables due to its ± 100mA output 
drive capability.The capacitance of the coaxial cable, 29 
pF/foot of length for RG-58, does not load the amplifier 
when the coaxial cable or transmission line is terminated 
in the characteristic impedance of the transmission line. 


OFFSET VOLTAGE ADJUSTMENT 

The offset voltage of the 3554 may be adjusted to zero by 
connecting a 20kH linear potentiometer between pins 4 
and 8 with the wiper connected to the positive supply. A 
small, non-inductive potentiometer is recommended. The 
leads connecting the potentiometer to pins 4 and 8 should 
be no longer than 6 inches to avoid stray capacitance and 
stray signal pickup. Stray coupling from the output, pin 
1, to pin 4 (negative feedback) or to pin 8 (positive 
feedback) should be avoided. 

The potentiometer is optional and may be omitted when 
the guaranteed offset voltage is considered sufficiently 
low for the particular application. 

For each microvolt of offset voltage adjusted, the offset 
voltage temperature drift will change by ±0.004 /uV/° C. 


HEATSINKING 

The 3554 does not require a heatsink for operation in 
most environments. The use of a heatsink, however, will 
reduce the internal thermal rise and will result in cooler 
operating temperatures. At extreme temperature and 
under full load conditions a heatsink will be necessary as 
indicated in the MAXIMUM POWER DISSIPATION 
curve. A heatsink with 8 holes for the 8 amplifier pins 
should be used. Burr-Brown has heatsinks available in 
three sizes - 3°C/ W, 4.2°C/W and 12°C/W. A separate 
product data sheet is available upon request. 

When heatsinking the 3554, it is recommended that the 
heatsink be connected to the amplifier case and the 
combination not connected to the ground plane. For a 
single sided printed circuit board, the heatsink may be 
mounted between the 3554 and the non-conductive side 
of the PC board, and insulating washers, etc., will not be 
required. The addition of a heatsink to an already 
functional circuit will probably require slight 
compensation readjustment for optimum performance 
due to the change in stray capacitances. The added stray 
capacitance from the heatsink to each pin will depend on 
the thickness and type of heatsink used. 
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SHORT CIRCUIT PROTECTION 

The 3554 is short circuit protected for continuous output 
shorts to common. Output shorts to either supply will 
deStfoy the device, even for momentary connections. 
Output shorts -to other potential sources are not 
recommended as they may cause permanent damage. 


TESTING 

The 3554 may be tested in conventional operational 
amplifier test circuits; however, to realize the full 
performance capabilities of the 3554, the test fixture must 
not limit the full dynamic performance capability of the 


amplifier. High frequency techniques must be employed. 
The most critical dynamic test is for settling time. The 
3554 Settling Time Test Circuit Schematic and a test 
circuit layout is shown with the “Typical Circuits.” The 
input pulse generator must have a flat topped, fast 
settling pulse to measure the true settling time of the 
amplifier. The layout exemplifies the high frequency 
considerations that must be observed. The layout also 
may be used as a guide for other test circuits. Good 
grounding, truly square drive signals, minimum stray 
coupling and small physical size are important; 

Every 3554 is thoroughly tested prior to shipment 
assuring the user that all parameters equal or exceed their 
specifications. 
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OPERATIONAL AMPLIFIERS 


FEATURES 

• HIGH CURRENT 

Up to 5A peak, 2A continuous 

• EASY TO USE 

Adjustable current limits 
Electrically isolated case 
Small size - 8-pin TO-3 package 

• HIGH VOLTAGE 

Up to 70V p-p output 

• SELF-PROTECTED 

Self-contained automatic thermal 
sensing and shutdown 

• HIGH POWER 

Delivers up to 70W to load 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-334C 
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DESCRIPTION 


The 357 1AM and 3572AM are high output current integrated 
circuit operational amplifiers. Their performance, ease of use 
arid compact size make them ideal to use in a variety of high 
current applications. They are especially well suited for driv- 
ing permanent magnet DC servo and torque motors. 

The equivalent circuit for the 357 1 AM and 3572 AM is shown 
in Figure 1 . The design uses a monolithic FET input stage for 
high input impedance, low bias current, and low voltage drift 
versus temperature. The high input impedance provides neg- 
ligible source impedance loading errors when the noninvert- 
ing circuit configuration is used. The low bias currents mini- 
mize offset errors when large values of source and feedback 
resistors are used. 

The input offset voltage at 25°C and the input offset voltage 
drift versus temperature are compensated by state-of-the-art 
laser trimming techniques. The offset voltage is low enough 
so that trimming will not be required in most applications. 
The excellent input characteristics and the high gain available 
mean that the use of a preamplifier, sometimes required with 
other servo type amplifiers, will not be necessary with the 
3571AM and 3572AM. 

The output stage is a class AB design which provides low 
distortion and minimizes quiescent current drain. The out- 
put circuitry provides for external current limiting resistors 
for both positive and negative output currents. This allows 
the user to select the current limit value suited to his parti- 
cular application. This is especially desirable for driving 
permanent magnet motors where the high current seen dur- 
ing direction reversal (plugging) can demagnetize the motor. 

The 3571AM and 3572AM have been designed to operate 
over a relatively wide supply range (±15VDC to +40VDC) 
while still maintaining the high output current capability. 
This allows the user a wide range for the selection of the pro- 
per output voltage and current and makes the amplifiers use- 
ful for many different types of loads. 



The output circuit has a unique protection feature which is 
only practical in integrated circuit amplifiers - self-contained 
automatic thermal sensing and shut off circuitry which auto- 
matically turns the amplifier off when the internal tempera- 
ture reaches approximately 150°C. This is accomplished by 
sensing the substrate temperature and deactivating the ampli- 
fiers biasing network when the temperature reaches 150°C. 
As this happens, the output load current limits at a safe value 
and the amplifier’s quiescent current decreases. The output 
current may remain at a low value or oscillate between two 
values depending on the amount of power being dissipated 
and the heat sink conditions seen by the amplifier. In either 
case, the amplifier will not sustain internal damage and will 
return to normal operation within a few seconds after the ab- 
normal load condition is removed. 

Internal thermal protection removes some of the constraints 
of power derating for abnormal operating conditions. The 
amplifier will protect itself for many conditions of excess 
power dissipation (see POWER DERATING CURVE, page 
1- 1 36) . This allows the use of a smaller heat sink to protect 
against abnormal output conditions since the amplifier has its 
own internal protection for many conditions of excess power 
dissipation. The output constraints of the SAFE OPERAT- 
ING AREA curves (see page 1-136) must still be observed. 

The 3571AM and 3572AM have several other features that 
improve their utility. For instance, the metal case of the units 
is completely electrically isolated. (This can be contrasted 
to most power semiconductors where the case is connected 
to the collector of the device.) This simplifies mounting and 
reduces cost since the need for insulating spacers and bush- 
ings is eliminated. The hermetically sealed package improves 
reliability and will withstand severe environments better 
than discrete component amplifiers. The small package size 
makes mounting more convenient. 

Burr-Brown offers three heat sinks as accessories; 

0803HS with a thermal resistance of 12°C/watt, 0804HS 

at 5.2° C /watt, and 0805 HS at 3° C /watt. A convenient 

mating connector, 0803MC is also available. 
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SPECIFICATIONS 

Typical @ T case = 25°C and ±Vqq = ±35 VDC max unless otherwise noted. 


ELECTRICAL | 

MODELS 

3571AM 

3572AM 

RATED OUTPUT (to load) 

Power to Load 

Continuous, min^ 

Peak, min^ 1 ' 

Output Voltage, ±( | V |-5)V 

Continuous, min* 1 ' 

Peak, min(^ 

Load Capacitance 

30 Watts 

60 Watts 

±30V @ ±1 A 
±30V @ 2A 

33C 

60 Watts 

150 Watts 

±30V @ ±2A 
±30V @ 5A 

0 pF 

DISSIPATION RATING 

at 25°C Case Temperature 

Derating Above 2 5°C 

Thermal Resistance, Case to Free Air 
Thermal lime Constant (No heat sink) 
Thermal Resistance, Junction to Case 

33 Watts I 50 Watts 

See typical performance curves 

30°C/ Watt 

2 minutes 

2.5°C/W 

POWER SUPPLY 

Voltage, ±V£c 

Quiescent Current, max 

OPEN LOOP 

Gain min, at Rj oad = 30ft (3572AM) 
R load = 6on (3571AM) 
Output Impedance 


FREQUENCY RESPONSE 

Unity Gain Bandwidth, Small Signal 

Full Power Bandwidth 

Slew Rate, C^ = 1000 pF 

500 kHz 

16 kHz @ Vpk= 30 V 

3V/ms 

INPUT OFFSET VOLTAGE 

Initial @ 25°C, max 

Drift vs. Temp., max 

Drift vs. Supply Voltage 

Drift vs. Time 

Drift vs. Power Dissipation (Tq constant) 

±2mV 
±40 juV/°C 
±100 / uV/V 

50 MV/mo 

20 mV/ W att 

INPUT BIAS CURRENT 

Initial @ 2 5°C, max 

Drift vs. Temp. 

Drift vs. Supply Voltage 

-100 pA 

doubles every 10°C 

0.5 pA/V 

INPUT OFFSET CURRENT 

Initial @2 5°C 

Drift vs. Temp. 

Drift vs. Supply Voltage 

±50 pA 

doubles every 10°C 

0.5 pA/V 

INPUT IMPEDANCE 

Differential 

Common-Mode 

10 11 ft lllO pF 

10 n ft 

INPUT NOISE 

Voltage 0.01 Hz to 10 Hz, p-p 

10 Hz to 1 kHz, RMS 

Current 0.01 Hz to 10 Hz, p-p 

10 Hz to 1 kHz, RMS 

4 mV 

3 mV 

1 pA 

0.1 pA 

INPUT VOLTAGE RANGE 

Max Safe Differential Voltage 

Max Safe Common-Mode Voltage 
Common-Mode Voltage, Linear Operation 
Common-Mode Rejection 

< +v cc + |- v ccl> 

+V CC *° ~ v cc 

±( |V CC |-10)V 

80 dB min., 90 dB, typ. 

TEMPERATURE RANGE (Case) 
Specification 

Operating 

Storage 

-25°C to +85°C 
-55°C to +125°C 
-55°C to H25°C 

ACCESSORIES 

Heat Sink 0803HS (12°C/W) 

0804HS (5.2°C/W) 
0805HS (3°C/W) 
Connector 0803MC 



(1) SAFE OPERATING AREA and POWER DERATING limitations must be observed. 


MECHANICAL 

'M" PACKAGE (TO-3) 



12.7mm (0.50")dia 
pin circle 

-X 


30.15 ±0.26mm 
(1.19" tO.Ol)” 1 


3.96 ±0.13mm 
(0.156" ±0.005) dia 


Pin material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std 883 [except paragraph 3.2.1 . 


Connection Diagram 


(TOP VIEW) 



Output 


The case is electrically isolated, it is recommended 
that the case be grounded during use. 

* A 1000 pF ±20% ceramic capacitor is recommended 
for all circuit configurations and at all amplifier 
gains. The capacitor's lead lengths should be short. 
For gains above 10 V/V, C c is not absolutely 
required. 


1-135 


3571/2 













TYPICAL PERFORMANCE CURVES 


= 25°C and + V~~ = +35 VDC unless othe 


POWER DERATING 


3572 SAFE OPERATING AREA 


3571 SAFE OPERATING AREA 



• 25 50 75 100 125 150 

Case Temperature, T C (°C) 


. 1 power 

^derating at 

0 From A T C = 25°C- 

_ 1 secondary . 

- 2 

Thermal S- | 

" 3 shutdown J Z' 

4 may occur 1 — Tr — 

-30 -20 -10 0 10 20 30 

Output Voltage (Volts) 



-30 -20 -10 0 TO 20 30 

Output Voltage (Volts) 


OUTPUT VOLTAGE 
VS. FREQUENCY 



100 Ik 10k 100k 1 M 10M 

Frequency (Hz) 


VOLTAGE FOLLOWER 
PULSE RESPONSE 


±v 

cc 

— i— 

= ±35V 

1 


c c 

1 

= 1 OOOpF 


Kj 




E 


) PF 


0 5 10 15 20 25 

Time (jus) 


DISTORTION VS. FREQUENCY 


1 i 

±V CC = 35V 

- a cl = 10 - 

C c = 1 0OOpF 
Ror = 0.75n 




p 

out 

lOW^. 









, 


v 


^out 

= 1W 


10 100 Ik 10k 100k 

Frequency (Hz) 


OPEN LOOP GAIN 
VS. FREQUENCY 


OPEN LOOP PHASE 


OPEN LOOP G AIN 
VS. SUPPLY VOLTAGE 



100 10k I'M 

Frequency 1 Hz) 


CURRENT LIMIT VOLTAGE 
VS. TEMPERATURE 



25 0 +25 +50 +75 flOO +125 

Case Temperature, T^ (°C) 



10 100 Ik 10k 100k 1 M 
Frequency (Hz) 

QUIESCENT CURRENT 
VS. SUPPLY VOLTAGE 



±15 ±20 ±25 ±30 ±35 ±40 

Power Supply Voltage, 



15 20 25 30 35 40 

Supply Voltage, ±Vqq (Volts) 

COMMON MODE REJECTION 
VS. FREQUENCY 



10 100 Ik 10k 100k 

Frequency (Hz) 
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INSTALLATION and OPERATING INSTRUCTIONS 

General Precautions . .... u(«.w k . 

CURRENT LIMITING l + l imit (amps)’ '-limit* 11111 ? 8 ) 


It is recommended that during initial amplifier setup, parti- 
cularly in breadboarding and when a lack of familiarity with 
the amplifier exists, that the current limit be set at about 
250 mA (RsC — '5.6£2). This will allow verification of the 
circuit and will minimize the possibility of damaging the 
amplifier. Later, when the circuit configuration and con- 
nections have been proven, the current limits can be raised to 
the desired value. 

MINIMUM HEAT SINK 

The 3571AM and 3572AM require a minimum heat sink of 
16°C/watt or lower in order to insure thermal stability 
(mounting on a 3 " x 3” x 0.06" piece of 80% copper-clad 
printed circuit board material will be sufficient). Normally 
this will not be a consideration since a larger heat sink will 
be used to provide the proper power dissipation as described 
in the THERMAL CONSIDERATIONS section which 
follows. 

PROPER GROUNDING & POWER SUPPLY BYPASSING 

Particular attention should be given to proper grounding 
practices because the large output currents can cause signi- 
ficant ground loop errors. Figure 2 illustrates proper con- 
nections. 



FIGURE 2. Proper power supply connections. 


Note that the connections are such that the load current does 
not flow through the wire connecting the signal ground point 
to the power supply common. Also, power supply and load 
leads should be run physically separated from the amplifier 
input and signal leads. 

The amplifier should be power supply bypassed with 50 /iF 
tantalum capacitors connected in parallel with 0.01 jaF ce- 
ramic capacitors connected as close to pins 3 and 6 as pos- 
sible. The capacitors should be connected to the load ground 
rather than the signal ground. 

Current Limits 

The amplifiers are designed so that both the positive and 
negative load current limits can be adjusted with external 
resistors, R+§c anc * ^-SC respectively. The value of the re- 
sistors are given by the following equations: 


Ilimit is the desired maximum current. The maximum power 
dissipation of the resistors is P max = Rsc(^limit)^* The cur- 
rent limits determined by the equations above are accurate 
to about ±10%. The variation of I^ m j t vs. temperature is 
shown in the Typical Performance Curves. Both +Vcc an d 
-Vcc mus t be on for the current limits to function. 

To avoid introducing unwanted inductance into the current 
limit circuitry, which may introduce oscillations and perma- 
nent damage, both current limit resistors must be non-induc- 
tive. Do not use wire wound resistors. Carbon composition 
resistors are preferred and paralleling them can provide a wide 
current limit range at the wattage needed. 

The maximum value of the negative current limit resistor is 
15 ohms (100 mA, minimum). Exceeding this value, or an 
open circuit, could permanently damage the internal 7512, 
thin-film resistor which parallels R_sc- 
The amplifier should be used with as low a current limit as 
possible for the particular application. This will minimize 
the chance of damaging the amplifier under abnormal load 
conditions and increase reliability by limiting the internal 
power dissipation of the amplifier. 


Thermal Considerations 

The 3571AM and 3572AM are rated for 150°C maximum 
junction temperature. The thermal resistance from junction 
to case (0; c ) is 2.5°C per watt. The corresponding Power 
Derating Curve is given in the Typical Performance Curves 
section. 

The internal power dissipation of the amplifier is given by 
the equation Pp> = P^q + Pj)L where P D q is the quiescent 
power dissipation and Pj)L is the power dissipated in the 
output stage due to the load. (For ±Vcc = ±40V, Pj)Q = 80 
x 0.035 = 2.8 watts max) For the case where the amplifier 
is driving a grounded load (R]J with a DC voltage (±V 0U ^) the 
maximum value of Pj)l occurs at ±V out = -Vcc anc * * s 
(±Vpp) 2 2 

equal to P™ = — ^ . Figure 3 shows Pr> as func- 

UL max 4 Rl 

tion of the output voltage with the load resistance as a run- 
ning parameter. 
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FIGURE 3. Internal Power Dissipation vs. Output Voltage. 
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Pdl f° r any other value of V out can be computed from 
PDL = (±V CC - ±Vout) * II = (±V C C " ±V out^^ 


The use of an adequate heat sink is mandatory and therm- 
al resistance of the heat sink (0^) can be determined from 
the equation: - 

fll = T J' T A a 
0hs — je 


where Tj is the desired amplifier junction temperature 
(+150°C max), is the ambient temperature, Pq is the 
amplifiers dissipation, Pj) = Pqq + Pj)L, and 0; c is the 
junction to case thermal resistance of the amplifier. Burr- 
Brown Application Note AN-83 entitled, “How to Deter- 
mine What Heatsink to Use”, is available for additional 
information. 


The electrically isolated case of the 3571AM and 3572AM 
simplifies mounting the amplifiers to the heat sink (and 
the heat sink to any other assemblies) since there is no 
need for electrical insulation. Thermal joint compound 
and lock washers should be used to prevent mechanical 
relaxation due to thermal stresses. 


SAFE OPERATING AREA 

There are additional constraints on the output voltage and 
current other than those just due to the maximum internal 
power dissipation of the amplifiers. These are related to the 
prevention of secondary breakdown in the output stage tran- 
sistors. These restrictions are shown in the SAFE OPERAT- 
ING AREA CURVES in the Typical Performance Curves. 

APPLICATION CONSTRAINT 

Because of the possibility of damaging the output stage if fre- 
quency instability (oscillations) occurs, applications with an 
inductive load which will activate the current limit of the 
amplifier, are constrained to have a load impedance phase 
angle of less than 60° leading, over the frequency band of 
10kHz to 100kHz. Increasing the load’s series resistance will 
decrease the phase angle, if necessary. Larger inductive loads 
may be applied if current limit is not activated. 

FREQUENCY COMPENSATION 

The optimum value of the compensation capacitor is 1000 
pF. A ±20% tolerance ceramic capacitor is recommended. 
The compensation capacitor should be used with all circuit 
configurations and at all amplifier gains. 
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High Current - High Power 
OPERATIONAL AMPLIFIER 


FEATURES 

•HIGH OUTPUT POWER 
100 Watts Peak 
40 Watts Continuous 

• WIDE SUPPLY RANGE 
±10 to ±34 Volts 

•HIGH OUTPUT CURRENT 
±5 Amps Peak 
±2 Amps Continuous 

•SMALL SIZE: TO-3 PACKAGE 

•LOW COST 


APPLICATIONS 

•DC MOTORS 
•AC MOTORS 
•ACTUATORS 
•ELECTRONIC VALVES 
•SYNCROS 


DESCRIPTION 

If you need to supply 100 watts peak or 40 watts 
continuous, yet must choose a small, easy to use op 
amp, you’ll find the 3573 a logical solution. This 
hybrid IC delivers ±5A peak minimum at ±20V 
minimum to the load when operated from ±28V 
power supplies. The design of this op amp has been 
optimized for low cost while preserving moderately 
good input and distortion characteristics. 

Output circuitry provides for external current 
limiting resistors for both positive and negative 
currents. This allows current limits to be set to values 
dictated by the op amp’s application. 3573 is 


internally frequency compensated and is 
unconditionally stable with capacitive loads to 
3300pF. 

Housed in a small, rugged, hermetically sealed 8-lead 
TO-3 package, 3573 will withstand severe 
environments far better than discrete component 
amplifiers. The metal case is completely electrically 
isolated from the amplifier circuitry. Thus, mounting 
is easier (no isolation washers or spacers) and the 
hazards of a case connected to the output or supply 
voltage is eliminated. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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ELECTRICAL SPECIFICATIONS 


At Tcmc = 25°C and ±Vcc = ±28VDC unless otherwise noted. 




3573AM 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OPEN LOOP GAIN. DC 

Ri > 300 

94 

115 


dB 

RATED OUTPUT 






Power to Load’" 






Continuous 


40 



W 

Peak 

Output Current 


100 



W 

Continuous 


±2 



A 

Peak 


±5 



A 

Output Voltage 

Iou. = ISA' 4 ’ 

±20 

±23 


V 

DYNAMIC RESPONSE 






Bandwidth, U nity Gain 

Small Signal 


1 


MHz 

Full Power Bandwidth 


15 

23 


kHz 

Slew Rate 


1.5 

2.6 


V/ M s 

INPUT OFFSET VOLTAGE 






Initial Offset 


- ■ 

±5 

±10 

mV 

vs Temperature 

-25°C ^ T«* 5s 85°C 


±10 

+65 

MV/°C 

vs Supply Voltage 


HI 

±35 


mV/v 

INPUT BIAS CURRENT 


HHj 




Initial 

Tc = 25°C 


15 

40 

nA 

vs Temperature 

-25°C < Tc.sc 85°C 


±0.05 


nA/°C 

vs Supply Voltage 



±0.02 


nA 

INPUT DIFFERENCE 
CURRENT 


■ 




Initial 

Tc. - 25°C 


±5 

±10 

nA 

vs Temperature 

-25°C ^ Tc ^ 85°C 

■ 

±0.01 


nA/°C 

INPUT IMPEDANCE 






Differential 



10 


Mfl 

Common-mode 


■ 

250 

1 

MO 

INPUT NOISE 


m 


■ 


Voltage Noise 

f„ = 0.3Hzto 10Hz 


3 


mV p-p 


f„ = 10Hz to 10kHz 

■ ■ 

5 


MVrms 

Current Noise 

f„ = 0.3Hz to 10Hz 


20 

■ 

pA p-p 


f„ = 10Hz to jOkHz 

II 

4.5 

1 

pA rms 

INPUT VOLTAGE RANGE 




■ 


Common-mode Voltage 

Linear Operation 

±(! V cc l -6) 

±<IVcd-3) 


V 

Common-mode Rejection 

f = DC.Vcm = ±22 

70 

no 


dB 

POWER SUPPLY 






Rated Voltage 



±28 


V 

Voltage Range, derated 


±10 


±34 

V 

Current, quiescent 



±2.6 

±5 

mA 

TEMPERATURE RANGE 





II 

Operating 

Tc 

-25 


+85 


Storage 


-65 


+ 150 

D 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Range 
Internal Power Dissipation’" 
Differential Input Voltage’ 2 ' 

Input Voltage Range’ 2 ' 

Storage Temperature Range 
Lead Temperature (soldering, 10 sec)| 
Output Short-Circuit Duration' 3 ’ 
Junction Temperature 


±34VDC 

45W 

±62VDC 

±31VDC 

-65°C to 150°C 

300°C 

Continuous 

150°C 


1. Package must be derated based on a junction to 
case thermal resistance of 2.8°C/W, or a junction 
to ambient thermal resistance of 30°C/W. 

2. For supply voltages less than ±34VDC, the 
absolute maximum voltage is three volts less than 
supply voltage. 

3. Safe Operating Area and Power Derating Curves 
must be observed. 

4. With R±SC = 0. 



CONNECTION 

DIAGRAM 


(TOP VIEW) R+SC 
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TYPICAL PERFORMANCE CURVES 

(Typical at 25°Case and ±V (( = ±28 VDC unless otherwise noted.) 
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SAFE OPERATING AREA 







1 

1 

B 


(3SEEm 

g 


Si 



as 


rassj 


B 



ss 


IB 

^P 

bi 


IB 

PP 


bi 


ipp 


BI 



PP 

PM 

■ 

PS 



-30 -20 -10 0 10 20 30 

Output Voltage (V) 


OPEN LOOP FREQUENCY RESPONSE 



Frequency (Hz) 


OUTPUT VOLTAGE VS FREQUENCY 



VOLTAGE FOLLOWER 
PULSE RESPONSE 



OUTPUT VOLTAGE SWING 
VS POWER SUPPLY VOLTAGE 



Power Supply Voltage (V) 


COMMON MODE REJECTION 
VS FREQUENCY 



QUIESCENT CURRENT 

VS POWER SUPPLY VOLTAGE 















-25°C 





T C = 

25°C 


B ~ 




“ 

85°C 




' T C“ 










+15 +20 +25 +30 +35 

Power Supply Voltage (V) 



-50 -25 0 25 50 75 100 

Case Temperature,Tc (°C) 



Frequency (Hz) 


INPUT BIAS CURRENT 
VS TEMPERATURE 



OPEN LOOP GAIN 
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INSTALLATION AND OPERATING 
INSTRUCTIONS 


GENERAL PRECAUTIONS 

CURRENT LIMITING 

It is recommended that during initial amplifier setup, 
particularly in breadboarding and when a lack of 
familiarity with the amplifier exists, that the current limit 
be set at about 250mA (R S c = 2.6 H). This will allow 
verification of the circuit and will minimize the possibility 
of damaging the amplifier. Later, when the circuit 
configuration and connections have been proven, the 
current limits can be raised to the desired value. 

PROPER GROUNDING & POWER SUPPLY 
BYPASSING 


0.65 (volts) 

R sc = 7 7 

I limit (amps) 

I limit is the desired maximum current. The maximum 
power dissipation of the resistors is P max Rsc (Ilimit) 2 . The 
current limits determined by the equations above are 
accurate to about ±10%. The variation of Limit vs 
temperature is shown in the Typical Performance Curves. 
The amplifier should be used with as low a current limit as 
possible for the particular application. This will minimize 
the chance of damaging the amplifier under abnormal 
load conditions and increase reliability by limiting the 
internal power dissipation of the amplifier. 


Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant ground loop errors. Figure 1 illustrates proper 
connections. 



FIGURE 1. Proper Power Supply Connections. 


Note that the connections are such that the load current 
does not flow through the wire connecting the signal 
ground point to the power supply common. Also, power 
supply and load leads should be run physically separated 
from the amplifier input and signal leads. 

The amplifier should be power supply bypassed with 
50/xF tantalum capacitors connected in parallel with 0.01 
nF ceramic capacitors connected as close to pins 3 and 6 
as possible. The capacitors should be connected to the 
load ground rather than the signal ground. 

CURRENT LIMITS 

The amplifier is designed so that both the positive and 
negtive load current limits can be adjusted with external 
resistors, R+$c and R_sc respectively. The value of the 
resistors are given by the following equation: 


THERMAL CONSIDERATIONS 

The 3573AM is rated for 150°C maximum junction 
temperature. The thermal resistance from junction to 
case (0j C ) is 2.8°C/ W per watt. The corresponding Power 
Derating Curve is given in the Typical Performance 
Curves section. 

The internal power dissipation of the amplifier is given by 
the equation Pd = Pdq + Pdl where Pdq is the quiescent 
power dissipation and Pdl is the power dissipated in the 
output stage due to the load. 

The thermal resistance of the required heat sink (0 hs ) can 
be determined from the equation: 


Pd 

where Tj is the desired amplifier junction temperature 
(+150°C max), Ta is the ambient temperature, Pd is the 
amplifier’s dissipation, Pd = Pdq + Pdl, and 0j c is the 
junction to case thermal resistance of the amplifier. 

The electrically isolated case of the 3573AM simplifies 
mounting the amplifiers to the heat sink (and the heat 
sink to any other assemblies) since there is no need for 
electrical insulation. Thermal joint compound and lock 
washers should be used to prevent mechanical relaxation 
due to thermal stresses. 

SAFE OPERATING AREA 

There are additional constraints on the output voltage 
and current other than those just due to the maximum 
internal power dissipation of the amplifiers. These are 
related to the prevention of secondary breakdown in the 
output stage transistors. These restrictions are shown in 
the SAFE OPERATING AREA CURVES in the 
Typical Performance Curves. 
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High Voltage 

OPERATIONAL AMPLIFIERS 


FEATURES 

• HIGH OUTPUT SWINGS, up to +145V (3582) 

• LARGE LOAD CURRENTS, up to ±60mA (3580) 

• DIFFICULT TO DAMAGE, automatic thermal shutoff 

• REDUCES SOURCE LOADING, 10 11 ^ Input Z 

• PRESERVES SYSTEM ACCURACY, 

IIOdB CMR 20pA bias current 

DESCRIPTION 

The 3580 series is the first family of Integrated 
Circuit operational amplifiers which will provide 
output voltage swings of up to ±145V. 

The monolithic FET input stage has low bias 
currents (20pA) which minimized the offset voltages 
caused by the bias current and the large resistance 
normally associated with high voltage circuits. 

The 3580 series is packaged in a TO-3 package which 
will dissipate over 3W of power without a heat sink 
and 4.5W with a suitable heat sink. 

The input stage is protected against overvoltages and 
the output stage is protected against short-circuits- 
to-ground. A special thermal sensing circuit prevents 
damage to the amplifier by automatically shutting 
the amplifier down when too much power is being 
dissipated. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1 1 1 1 - Twx: 910-952-1 1 1 1 - Cable: BBRC0RP - Telex: 66-6491 
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THEORY OF 



FIGURE 1. Simplified Schematic of 3580. 



FIGURE 2. Simplified Schematic of 3581 and 3582. 



FIGURE 3. Operation from a single supply. 


OPERATION 

The 3580 family of integrated circuit high voltage ampli- 
fiers provides performance which previously was only avail- 
able in bulky modular packages. In addition to the smaller 
size and inherent reliability , the integrated circuit construc- 
tion offers other advantages not normally available in mod- 
ular or discrete component units. The amplifiers have 
thermal sensing and shut-off circuitry which automatically 
turns the amplifier off when the internal temperature 
reaches approximately 150°C. This is accomplished by 
sensing the substrate temperature and deactivating the in- 
put stage current source when the temperature reaches a 
critical level. As this happens, the output load current limits 
at a safe value and the amplifier’s quiescent current decreases. 

If the cause of the abnormal power dissipation is continu- 
ous (such as a short circuit across the load) the output 
current may remain at a low value or oscillate between 2 
values depending on the amount of power being dissipated 
and the heat sink conditions seen by the amplifier. In either 
case, the amplifier will not sustain internal damage and will 
return to normal operation within a few seconds after the 
abnormal condition is removed. 

The incorporation of thermal sensing and shut-off in the 
amplifier will allow the use of a smaller heat sink than 
would otherwise be required. This is due to the fact that 
the amplifier will protect itself and does not require a mas- 
sive heat sink for protection under abnormal conditions. 
Another unique feature of the 3580 family is the thorough 
testing the unit receives. In addition to the normal tests, all 
amplifiers are 100% tested for input protection at its full 
rated differential voltage (+V CC -V CC ). Each unit is also 
100% tested for output short circuit to common at maxi- 
mum supply voltage. 

The 3581 and 3582 have an unique feature that is impor- 
tant in many high voltage applications. In these two models 
the input bias current is virtually independent of the ap- 
plied common mode voltage. This is accomplished by the 
true cascode input stage which keeps the drain to source 
voltage of the input transistors constant as the common 
mode voltage changes. 

OPERATION FROM A SINGLE SUPPLY 

It may be desirable in some applications to operate the am- 
plifiers from a single supply. The circuit in Figure 3 illus- 
trates a typical application. 

Note that there are restrictions on the input and output 
voltages (ej and e 0 ) which are necessary in order to keep 
the amplifier circuits operating in a linear manner. 

It should be noted that when the 3581 and 3582 amplifiers 
are operated from a single supply, the output stage, which 
is still short circuit current limited and thermally protected, 
is not protected against short circuits to ground (the 3580 
will still be short circuit protected under these conditions). 
When the amplifiers are operated from a single supply, the 
voltage across one of the output transistors is high enough 
that secondary breakdown is a consideration. The output 
current must be limited in order to prevent damage. This 
can be done by keeping the load resistor larger than 5k 
ohms for the 3582 and greater than lk ohm for the 3581. 
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SPECIFICATIONS 


Typical at 2 5°C and ±V CC max unless otherwise noted. 


[ELECTRICAL 



A 

MODELS 

3580J 

3581J 

3582J 

POWER SUPPLY 

Voltage, ±V CC 

+ 15 to ±35 Vdc 

±32 to ±75 Vdc 

±70 to ±150 Vdc 

Quiescent Current, max 

±10 mA 

±8 mA 

±6.5 mA 

RATED OUTPUT 

Voltage, ±(|V cc |-5)Vdc, min 

±10 to ±30 Vdc 

±27 to ±70 Vdc 

±65 to ±145 Vd< 

Current, min 

+ 60 mA 

±30 mA 

± 1 5 mA 

Current, Short Circuit 

±100 mA 

±50 mA 

±25 mA 

Load Capacitance, max 

* 

10 nF 

* 

OPEN LOOP GAIN 

No Load, dc 

106 dB 

112 dB 

118 dB 

Rated Load, dc , min 

86 dB 

94 dB 

100 dB 

FREQUENCY RESPONSE 

Unity Gain Bandwidth, Small Signal 

* 

5 MHz, min 

* 

Full Power Bandwidth 

100 kHz 

60 kHz 

30 kHz 

Slew Rate 

1 5 V/ms 

20 V/ms 

20 V/ms 

Settling Time, 0.1% 

* 

1 2 ms 

* 

INPUT OFFSET VOLTAGE 

Initial @ 25°C, max 

± 10 mV 

± 3 m V 

±3 mV 

Drift vs Temp, max 

+ 30 mV/°C 

±25 mV/°C 

±25 mV/°C 

Drift vs Supply Voltage 

100 juV/V 

20 mV/V 

20 mV/V 

Drift vs Time 

100 juV/mo 

50 mV/ mo 

50 MV/mo 

INPUT BIAS CURRENT 

Initial @ 25°C, max 

-50 pA 

-20 pA 

-20 pA 

Drift vs Temp 

doubles every 10° 

C 

Drift vs Supply Voltage 

0.5 pA/V 

0.2 pA/V 

0.2 pA/V 

INPUT OFFSET CURRENT 

Initial @ 25°C 

* 

±20 pA 

* 

Drift vs Temp 

* doubles every 10°C * 1 

Drift vs Supply Voltage 

0.5 pA/V 

0.2 pA/V 

0.2 pA/V 

INPUT IMPEDANCE 

Differential 

* 

io 1 1 mi io pF 

* 

Common Mode 

* 

io 1 1 n 

* 

INPUT NOISE 

Voltage 0.01 Hz to 10 Hz p-p 

* 

5mV 

* 

10 Hz to 1 kHz rms 

i mV 

1.7mV 

1.7mV 

Current 0.01 Hz to 10 Hz p-p 

1 pA 

0.3 pA 

0.3 pA 

INPUT VOLTAGE RANGE 

Max Safe Differential Voltage (O 

* 

(+V CC + I -V cc l) 

* 

Max Safe Common Mode Voltage 

* 


* 

Common Mode Voltage, Linear 
Operation 

> 

00 

±(|V CC |-10)V 

±(IV CC I-10)V 

Common Mode Rejection 

86 dB 

1 10 dB 

110 dB 

TEMPERATURE RANGE (Case) 
Specification 

* 

0°C to 70°C 

* 

Operating 

* 

-55°C to +125°C * 

Storage 

* 

-5 5°C to +150° 

C * 





u 


♦Specifications same for all models. 


(1) On Models 3581 and 3582 the inputs may be damaged by pulses at pins 5 or 6 with 
dV/dt > 1 V/ns. Any possible damage can be eliminated by limiting the input current 
to 150 mA with external resistors in series with those pins. No external protection is 
needed for slower voltage. 


MECHANICAL 

TO-3 



Pin material and plating composition 
conform to Method 2003 (solderability ) 
of Mil-Std-883 (except paragraph 3.2] . 



* The case is electrically isolated. It is recommended 
that the case be grounded during use. 
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CMR (dB) Normalized Input Bias Voltage Gain (dB) Output Voltage (+V peakl 

Current 


TYPICAL PERFORMANCE CURVES 


Typical at 2S°C and ±V CC max unless otherwise noted. 


OUTPUT VOLTAGE vs 
FREQUENCY 



10 100 1000 
Frequency (kHz) 


SLEW RATE vs SUPPLY 
VOLTAGE @ FULL LOAD 


CURRENT LIMIT vs 
TEMPERATURE 



50 60 70 80 90 100 

Power Supply (% of max) 



-25 o 25 50 75 100 

Case Temperature (°C) 


OPEN LOOP FREQUENCY 
RESPONSE-FULL LOAD 



1 10 100 lk 10k 100k 1M 10M 
Frequency (Hz) 


OPEN LOOP GAIN vs SUPPLY 
VOLTAGE @ MAX LOAD 



50 60 70 80 90 100 
Power Supply (% of max) 


MAXIMUM POWER DISSIPATION 



NORMALIZED INPUT BIAS 
CURRENT vs TEMPERATURE 



-50 -25 0 25 50 75 100 125 

Temperature (°C) 


COMMON MODE REJECTION 
vs FREQUENCY 



i i ii — i 
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TOTAL INPUT NOISE VOLTAGE 
vs SOURCE RESISTANCE 


TOTAL LOW FREQUENCY INPUT 
NOISE vs SOURCE RESISTANCE 
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Source Resistance (SI) 






Therma 
of Sour 

1 Noise 
ce 

y 

Amplifit 
Shot Nc 

jr 

>ise 

1 . 

♦ | 

10 Hz 

f = .01 to 
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Source Resistance (SI) 


MAXIMUM COMMON MODE 
VOLTAGE vs. FREQUENCY 



10k 100k 1M 3M 

Frequency (Hz) 


POWER SUPPLY REJECTION 
vs FREQUENCY 



10 100 lk 10k 100k 1M 

Frequency (Hz) 
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High Voltage - High Current 
OPERATIONAL AMPLIFIER 


FEATURES 


HIGH OUTPUT SWINGS, up to ±140V 

LARGE LOAD CURRENTS, ±75mA 

PROTECTED OUTPUT STAGE, automatic thermal shutoff 

REDUCES SOURCE LOADING, 10 n ft Input Z 

PRESERVES SYSTEM ACCURACY, 

IIOdB CMR 20pA bias current 


DESCRIPTION 

The 3583 is the first integrated circuit operational 
amplifier to provide output voltage swings of ±140V 
with currents as high as ±75mA. 

The amplifier operates over a wide supply range 
(±50VDC to ±150VDC) and has excellent input 
characteristics (IIOdB CMR, 3mV Eos, 25 /liV/°C 
AEos/AT). 

The monolithic FET input stage has low bias current 
(20pA) which minimizes the offset voltages caused by 
the bias current and the large resistances normally 
associated with high voltage circuits. 

The input stage is protected against overvoltages and 
the output stage is protected against short circuits to 
ground for supply voltages below ±100VDC. A 
special thermal sensing circuit prevents damage to 
the amplifier by automatically shutting the amplifier 
down when too much power is being dissipated. 

Two temperature ranges are available: 0°C to +70°C 
(3583JM) and -25°C to +85°C (3583AM). 

International Airport Industrial Park - P.0. Box 11400 • Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DESCRIPTION 


The 3583 is a high, voltage high output current integrated 
circuit operational amplifier. Its ease of use, compact size, 
and excellent input and output specifications makes it 
well suited for a wide variety of high voltage applications. 
The equivalent circuit for the 3583 is shown in Figure 1. 
The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
versus temperature. The offset voltage at 25°C and the 
drift versus temperature are compensated by state-of-the- 
art laser trimming techniques. They are low enough so 
that user trimming will not be required in most 
applications. The high input impedance provides 
negligible source impedance loading errors when the 
noninverting circuit configuration is used. The low bias 
currents minimize offset errors when large values of 
source and feedback resistors are used. 

A true cascode input stage is used together with 
considerable protection circuitry. There are voltage 
limiting transistors to prevent damage due to reverse bias 
breakdown of the input pair and current limiting resistors 
to limit the input current to 1mA with the inputs at ±150 
volts. The units are conservatively rated (and 100% 
tested) at full rated differential voltage (+150 and -150 V) 
but typically will withstand a 50% overvoltage without 
damage. 

The unit operates over a wide supply range (±50V to 
±150V) with outstanding common-mode rejection 
(1 lOdB). It also has another feature which is important in 
many high voltage applications. The input bias current is 
virtually independent of applied common-mode voltage. 
The output circuit has a unique protection feature which 
is only practical in integrated circuit amplifiers - self 
contained automatic thermal sensing and shut off cir- 
cuitry which automatically turns the amplifier off when 
the internal temperature reaches approximately 1 50°C. 



This is accomplished by sensing the subtrate temperature 
and deactivating the amplifiers biasing network when the 
temperature reaches 1 50°C. As this happens, the output 
load current limits at a safe value and the amplifier’s 
quiescent current decreases. The output current will 
remain at a low value or oscillate between two values 
depending on the amount of power being dissipated and 
the heat sink conditions seen by the amplifier. In either 
case, the amplifier will not sustain internal damage and 
will return to normal operation within a few seconds after 
the abnormal load condition is removed. 

Internal thermal protection removes some of the 
constraints of power derating for abnormal operating 
conditions. The amplifier will protect itself for many 
conditions of excess power dissipation (see POWER 
DERATING CURVE, page 1-150). This allows the use 
of a smaller heat sink to protect against abnormal output 
conditions since the amplifier has its own internal 
protection for many conditions of excess power 
dissipation. The output constraints of the SAFE 
OPERATING AREA CURVES (page I - 1 50) must still 
be observed. 

The 3583 has several other features that improve its 
utility. For instance, the metal case of the unit is 
completely electrically isolated. (This can be contrasted 
to most power semiconductors where the case is 
connected to the collector of the device.) This simplifies 
mounting and reduces cost since the need for insulating 
spacers and bushings is eliminated. The hermetically 
sealed package improves reliability and will withstand 
severe environments better than discrete component 
amplifiers. The small package size reduces weight and 
makes mounting more convenient. 


FIGURE 1. 3583 Equivalent Circuit. 

y (* N.C. = No internal connection.) 
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SPECIFICATIONS 


ELECTRICAL 

Specifications typical at Tcase = +25°C and ±Vcc = 150VDC unless otherwise noted. 


| MODELS 

3583AM | 3583JM 

| POWER SUPPLY | 

Voltage, ±Vcc 

±50VDC to ±150VDC 

Quiescent Current, max 

8.5mA 

| RATED OUTPUT j 

Voltage, ±( | Vccl -10)VDC, min 

±40VDC to ±140VDC 

Current, min 

±75mA 

Current, Short Circuit 

±100mA 

Load Capacitance, max 

10nF 

| OPEN-LOOP GAIN j 

No Load, DC 

118dB 

Rated Load, DC 

94dB, min; 105dB, typ 

[ FREQUENCY RESPONSE ] 

Unity Gain Bandwidth, Small Signal 

5MHz 

Full Power Bandwidth, Rl = 1 0ki 2 

60kHz 

Slew Rate 

30V/Msec 

Settling Time, 0.1% 

12/isec 

| INPUT OFFSET VOLTAGE Ta = +25°C j 

Initial at 25°C, max 

±3mV 

Drift vs Temp, max 

±23 m /°C 

Drift vs Supply Voltage 

±20 mV/V 

Drift vs Time 

±50 M V/mo 

| INPUT BIAS CURRENT | 

Initial at 25°C, max 

-20pA 

Drift vs Temp 

doubles every 10°C 

Drift vs Supply Voltage 

0.2pA/V 

| INPUT OFFSET CURRENT | 

Initial at 25°C 

±20pA 

Drift vs Temp 

doubles every 10°C 

Drift vs Supply Voltage 

0.2pA/V 

| INPUT IMPEDANCE | 

Differential 

lounmopF 

Common-mode 

lonn 

| INPUT NOISE j 

Voltage 0.01Hz to 10Hz, p-p 

5 M V 

10Hz to 1kHz, rms 

1.7 /iV 

Current 0.01Hz to 10Hz, p-p 

0.3pA 

| INPUT VOLTAGE RANGE | 


Max Safe Differential Voltage! i) 
Max Safe Common-mode Voltage 
Common-mode Voltage, Linear 
Operation 

Common-mode Rejection 


TEMPERATURE RANGE (Case) 


(+Vcc +1 -Vccl 
+Vcc to -Vcc 


±( I Vccl -10)V 
IIOdB 


Specification 

Operating 

Storage 


NOTES: 

I.The inputs may be damaged by pulses at pins 5 or 6 with dV/dt^ IV/nsec. 
Any possible damage can be eliminated by limiting the input current to 
150mA with external resistors in series with those pins. No external protection 
is needed for slower voltage changes. 



MECHANICAL 



WVH: 


NOTE: 

Lead* in trua position within .010" 
(.25mm) R ®> MMC at saatino plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 


ORDER NUMBER: 
3583AM 3563 JM 

WEIGHT: 

15.1 Grams 

MATING CONNECTOR: 
0803MC 


INCHES 

DIM MIN MAX 

A 1.510 1.550 

B .745 .770 

C .300 .400 

D .038 .042 

E .060 .105 

F 40° BASIC 
G .500 BASIC 

H 1.186 BASIC 

J .583 BASIC 


MILLIMETERS 
MIN I MAX 


40° BASIC 
12.7 BASIC 
30.12 BASIC 
15.06 BASIC 


CONNECTION DIAGRAM 

(Top View) 

Optional 

Offset Adjust | t ° ffset Tnm 

> cc 


To >10Ukl 

+Vcc / 

L<4) 

Offset Trim p 


* No internal connection. 

The metal case is electrically isolated. 
It is recommended that the case be 
grounded during use. 
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TYPICAL PERFORMANCE CURVES 

Typical at 25°C case and ±Vcc max unless otherwise noted. 


OUTPUT VOLTAGE vs. 
FREQUENCY 



10 100 1000 
Frequency (kHz) 


SLEW RATE vs. 
SUPPLY VOLTAGE 



CURRENT LIMIT vs. 
TEMPERATURE 



-25 0 25 50 75 100 

Case Temperature (°C) 


OPEN LOOP FREQUENCY 
RESPONSE-FULL LOAD 



OPEN LOOP GAIN vs. SUPPLY 
VOLTAGE @ FULL LOAD 


Frequency (Hz) 



15.0 
12.5 

10.0 

7.5 
5.0 

2.5 
0 


RECOMMENDED 
POWER DERATING 


III 

Area of Thermal 

E 

in 


ej= 0.5°C/V 

I! 

j§§ 




\ 

J 

if 

0,c = 

4°C 

W 

A 

i 

!§§ 






f§§ 

Oca : 

= 30°( 

1 

:/w 

i 





Power Supply Voltage (V) 


25 50 75 100 125 150 175 

Case Temperature, T c (°C) 


RECOMMENDED SAFE OPERATING 
AREA (Secondary Breakdown) 



-150 -100 -50 0 +50 +100 150 

Output Voltage (V) 

COMMON-MODE REJECTION 
vs. FREQUENCY 



TOTAL INPUT NOISE VOLTAGE 
vs. SOURCE RESISTANCE 



Source Resistance (H) 

COMMON-MODE 
VOLTAGE vs. FREQUENCY 



TOTAL LOW FREQUENCY INPUT 
NOISE vs. SOURCE RESISTANCE 



POWER SUPPLY REJECTION 
vs. FREQUENCY 



100k 1M 

Frequency (Hz) 


3M 


10 100 lk 10k 100k 1M 

Frequency (Hz) 
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High Voltage 

OPERATIONAL AMPLIFIER 


FEATURES 

• TYPICAL GAIN-BANDWIDTH, 50MHz 

• OUTPUT, +145V 

• PROTECTED OUTPUT, automatic thermal shutoll 

• BIAS CURRENT. -20pA 

• CMR, IIOdB 

• SLEW RATE, 150V/usec 

APPLICATIONS 

• ANALOG SIMULATORS 

• DIGITALLY-CONTROLLED POWER SUPPLIES 

• CRT DEFLECTION 

• ELECTROSTATIC TRANSDUCERS 

DESCRIPTION 

The 3584 is a high voltage, integrated circuit operational 
amplifier that will provide up to ±145V output. 

The amplifier will provide a gain-bandwidth product of 
20MHz minimum, 50MHz typical. The amplifier uses 
external frequency compensation (one R and one C) so 
that the user may optimize the bandwidth and slew rate 
for his particular application. 

The amplifier operates over a wide supply range 
(±70VDC to ±150VDC) and has excellent input 
characteristics (1 lOdB CMR, 3mV E os , and 25/uV /°C Eos 
Drift). The input stage is a FET. The low -20pA bias 
current minimizes the offset errors caused by the large 
value resistors normally used in high voltage circuits. 

The input stage is protected against overvoltages and the 
output stage is protected against short circuits to ground. 

A special thermal sensing circuit helps to prevent damage 
to the amplifier by automatically shutting the amplifier 
down when too much power is being dissipated. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-376A 
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DISCUSSION 


The 3584 is a high voltage, integrated circuit operational 
amplifier. Its ease of use, compact size, and excellent 
input and output specifications makes it well suited for a 
wide variety of high voltage and high speed applications. 

The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
versus temperature. The offset, voltage and the drift are 
laser trimmed. They are low enough so that user trimming 
will not be required in most applications. 

To achieve the high common-mode voltage capability 
and rejection a true cascode input stage is used together 
with considerable protection circuitry. There are voltage 
limiting diodes to prevent damage due to reverse bias 
breakdown of the input pair and current limiting resistors 
to limit the steady state input current to 1mA with the 
inputs at ±150 volts. The units are conservatively rated 
(and 100% tested) at full rated differential voltage (+150 
and -150V) but typically will withstand a 50% 
overvoltage without damage. 

It also has another feature which is important in many 
high voltage applications. The input bias current is 
virtually independent of applied common-mode voltage. 
This is a benefit of the true cascode input stage which 
keeps the drain to source voltage of the input transistors 
constant as the common-mode voltage changes. 

The amplifier contains automatic thermal sensing and 
shut-off circuitry which automatically turns the amplifier 
off when the internal (substrate) temperature reaches 
approximately 150°C. This is accomplished by sensing 
the substrate temperature and deactivating all current 
sources when the temperature reaches a critical level. As 
this happens, the output current gradually decreases to 
zero. The output current may remain at a low value or 
oscillate between 2 values depending on the amount of 
power being dissipated and the heat sink conditions seen 
by the amplifier. In either case, the amplifier will not 
sustain internal damage and will return to normal 
operation within a few seconds after the abnormal 
condition is removed. 

The incorporation of thermal sensing and shut-off in the 
amplifier will require a smaller heat sink than normal. 
This is due to the fact that the amplifier will protect itself 
and does not require a massive heat sink for protection 
under abnormally high power dissipation. 

The 3584 has several other features that improve its 
utility. The metal case of the unit is completely electrically 
isolated. This simplifies mounting and reduces cost since 
the need for insulating spacers is eliminated. The 
hermetically sealed package improves reliability and will 
withstand severe environments better. And the small 
package size reduces weight and makes mounting more 
convenient. 


OPERATION FROM A SINGLE SUPPLY 

It may be desirable in some applications to operate the 
amplifiers from a single supply. The circuit in Figure 1 
illustrates a typical application. Note that there are 
restrictions on the input and output voltages (e* and e 0 ) 
which are necessary in order to keep the amplifier circuits 
operating in a linear manner. 

It should be noted that when the amplifier is operated 
from a single supply, the output stage, which is still short 
circuit current limited and thermally protected, is not 
protected for short circuits to ground under all operating 
conditions. Consult the safe operating area curve. 




FIGURE 2. High Speed, High Voltage DAC. 
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SPECIFICATIONS 


E LECTR 1 CsP L Typical at 25°C and ±V CC max unless otherwise noted. 

MODELS 

3584JM 

POWER SUPPLY 


Voltage, ±V ec 

±70 to ±150 VDC 

Quiescent Current, max 

±6.5mA 

RATED OUTPUT 


Voltage, ± ( 1 VJ -5)VDC, min 

±65 to ±145 VDC 

Current, min 

±l5mA 

Current, Short Circuit 

±25 m A 

Load Capacitance, max 

10 nF 

OPEN LOOP GAIN 


No Load, DC 

120 dB 

Rated Load, DC, min 

lOOdB 

FREQUENCY RESPONSE 


Unity Gain Bandwidth, Small Signal 

7 MHz 

Gain-bandwidth Product, f= 1 kHz, G = 100 

20 MHz, min 

Full Power Bandwidth, G = 1 00 

135 kHz 

Slew Rate.G = 1 00 1 

150 V/ms 

Settling Time, 0. 1 %, G = 100 

12 M s 

INPUT OFFSET VOLTAGE 


Initial @ 25°C, max 

3 mV 

Drift vs Temp, max 

25 mV/°C 

Drift vs Supply Voltage 

20 M V/V 

Drift vs Time 

50 mV/ mo 

INPUT BIAS CURRENT 


Initial @ 25°C, max 

-20 pA 

Drift vs Temp 

doubles every 10°C 

Drift vs Supply Voltage 

0.2 pA/V 

INPUT OFFSET CURRENT 


Initial @ 25°C 

±20 pA 

Drift vs Temp 

doubles every 10°C 

Drift vs Supply Voltage 

0.2 pA/V 

INPUT IMPEDANCE 


Differential 

io" n H 10 p f 

Common Mode 

10" n 

INPUT NOISE 


Voltage 0.01 Hz to 10 Hz p-p 

5 mV 

10 Hz to 1 kHz rms 

1.7 mV 

Current 0.01 Hz to 10 Hz p-p 

0.3 pA 

INPUT VOLTAGE RANGE 


Max Safe Differential Voltage* 0 

(+V« + 1 -Vccl ) 

Max Safe Common Mode Voltage 

+V«* to -V« 

Common Mode Voltage, Linear 


Operation 

±( I V. c 1 -10)V 

Common Mode Rejection 

HOdB 

TEMPERATURE RANGE (Case) 


Specification: 

0°C to 70°C 

Operating 

-55°C to +125°C 

Storage 

-55°C to +150°C 


MECHANICAL 

TO-3 i 



39.62mm 
’ (1.56") ' 


10.16mm 

(0.40") 

max 


1.01mm JL 

(0.04")dia 


12.7mm (0.50 ) dia 
pin circle 


" 40° (BOTTOM VIEW) 

typ v 

A/ 


w 3.96mm +0.13 
(0.156 ±0.005") 
. dia 


30.1 5mm ±0.26 
" (1.19 ±0.01) “- 1 


Pin material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std-883 [except paragraph 3 J2] 


CONNECTION 

DIAGRAM 

(TOP VIEW) 


Offset 
. Trim 


Offset p 
Trim 
IN CO 


Compensation 

Ik 


Connector: 0803MC 

Heatsinks: 0803HS, 0804HS, or 0805HS 



1-153 


3584 

































TYPICAL PERFORMANCE CURVES 


Typical at 25°C and ±V max unless otherwise noted. 
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INSTRUMENTATION 

AMPLIFIERS 



WHAT IS AN INSTRUMENTATION AMPLIFIER? 

An instrumentation amplifier is a closed-loop, differential input gain block. It 
is a committed circuit with the primary function of accurately amplifying the 
voltage applied to its inputs. 

Ideally, the instrumentation amplifier responds only to the difference 
between the two input signals and exhibits extremely-high impedances 
between the two input terminals, and from each terminal to ground. The 
output voltage isdeveloped single-ended with respect to ground and is equal 
to the product of amplifier gain and the difference of the two input voltages 
(see Figure 1 ). 



FIGURE 1. Idealized Model of an Instrumentation Amplifier. 


The amplifier gain G is normally set by the user with a single external 
resistor. The properties of this model may be summarized as infinite input 
impedance, zero output impedance, the output voltage proportional to only 
the difference voltage ( 62 -ei), a precisely known gain constant (implying no 
nonlinearity), and unlimited bandwidth. This amplifier would completely 
reject signal components common to both inputs (common-mode rejection) 
and would exhibit no DC offset voltage or drift. 
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CHARACTERISTICS OF 
INSTRUMENTATION AMPLIFIERS 

It is desirable to achieve, as close as possible, the characteristics of the ideal 
instrumentation amplifier. The following paragraphs are a discussion of the, 
other-than-ideal, characteristics of the instrumentation amplifiers. 

Input Impedance - A simple model of realistic instrumentation amplifier is 
shown in Figure 2. The impedance Zid represents the differential input 
impedance. The common-mode input i mpedance Zicm is represented as two 



FIGURE 2. Simple Model of an Instrumentation Amplifier Shown in 
a Typical Application Configuration. 


equal components, 2Zicm, from each input to ground. These finite resistances 
contribute an effective gain error due to loading of the source resistance. 
The instrumentation amplifier provides a load on the source ofZ\=Z\d || Zicm. 
If source impedance is Rs = Rsi + Rs 2 , the gain error caused by this loading 
is: 

z i R s R s 

Gain Error =1 = ^-lif Z ; > R e 

Z i +R s Z i + R s Z i 

If R S is 10kn and Zi is 10MH, 10x 10 3 

Gain Error = — = 0.1% 

10 x 10 6 

The DC common-mode input impedance Zicm will be independent of gain. 
The DC differential input impedance Zid may vary as a function of gain. 
Specifications give the worst-case value. The nonzero output impedance of 
the amplifier will also create a gain error, the value of which depends on the 
load resistance. 

Nonlinearity - The linearity of gain is possibly of more importance than the 
gain accuracy, since the value of the gain can be adjusted to compensate for 
simple gain errors. The nonlinearity is specified to be the peak deviation from 
a “best fit” straightline, expressed as a percent of peak-to-peak full scale 
output. 

Common-mode Rejection - As illustrated in Figure 2* the output voltage has 
two components. One component is proportional to the differential input 
voltage ed = (e 2 -ei). The second component is proportional to the common- 
mode input voltage. The common-mode voltage which appears at the 
amplifier’s input terminals is defined as E C m = e 2 + et/2. This may consist of 
some common-mode voltage in the source itself, ecm, (such as bridge 
excitation) plus any noise voltage, e n , between the source common and the 
amplifier common. As shown in Figure 2, the constant G represents the 
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differential amplifier gain factor (fixed by the external gain-setting resistor). 
The constant (G/CMRR) represents the commo-mode signal gain of the 
amplifier. The CMRR (common-mode rejection ratio) is the ratio of dif- 
ferential gain to common-mode gain. Thus CMRR is proportional to the 
differential gain and CMRR increases as the differential (gain G) increased.' 
Hence, CMRR is usually specified forthe maximum and the minimum values 
of gain of the amplifier. The common-mode rejection may be expressed in 
dB as - CMRR (dB) = 20 log 10 CMRR. 

For an ideal instrumentation amplifier the output voltage component due to 
common-mode voltage should be zero. For a realistic instrumentation 
amplifier, the CMRR though very high, is still not infinite and so will cause an 
error voltage of E cm /CMRR x G to appear at the output. 

Source Impedance Unbalance - If the source impedances are unbalanced 
the source voltages (e C m + e n ) are divided unequally upon the common- 
mode impedances and a differential signal is developed at the amplifier’s 
input. This error signal cannot be separated from the desired signal. In the 
circuit in Figure 2 if R S 2 =0, R s i = 1 kO, e C m +e n = 1 0V, and Z C m = 1 0OMH, then 
the effect of unbalance is to generate a voltage. 


10° 10° 
- e, = 10V - 10V r - = 10V - 


10V 

0. 1 mV 

lO? 


If ed full scale is lOmV then this error is: 

O.lmV 

Error 1% of full scale. 

lOmV 


Offset Voltage and Drift - Most instrumentation amplifiers are two stage 
devices - they have a variable gain input stage and a fixed gain output stage. 
If Vi and V 0 are the offset voltages of the input and output stages respectively, 
then the ampl ifiers total offset voltage referred to the input ( RTI ) = Vj + V 0 /G 
where G is the amplifier’s gain. [Note that Eos (RTI) x G.] 

The initial offset voltage is usually adjustable to zero and therefore, the 
voltage drift is the more significant term since it cannot be nulled. The offset 
voltage drift also has two components - one due to the input stage of the 
amplifier and the other due to the output stage. When the amplifier is 
operated at high gain, the drift of the input stage predominates. At low values 
of gain, the drift of the output stage will be the major component of drift. 
When the total output drift is referred to the input, the effective input voltage 
drift is largest for low values of gain. Output voltage drift will always be 
lowest at low gains. If AVi/AT = 2juV/°C and AV 0 /AT = 500juV/°C and the 
amplifier in a gain of 1000V/V is nulled at 25°C, then at 65oC the offset 
voltage will be: 

E os (RTI) 65 o = 40°C [2juV/°C + (500 mV/°C/1000V/V)) 

= 40°C (2 . 5juV/°C) = 1 00 m V = 0. 1 m V 


If the full scale input is 1 0mV then the error due to voltage drift is: 

Error = 0.1 mV/1 OmV = 1 % of full scale. 

Input Bias and Offset Currents - The input bias currents are the currents that 
flow out of (or into) either of the two inputs of the amplifier. They are the base 
currents for bipolar input stages and the JFET leakage currents for FET input 
stage. Offset currents are the difference of the two bias currents. 

The bias currents flowing into the source resistances will generate offset 
voltages of E 0S 2 = 1 B2 x R S 2 and E os i = 1 bi x R s i . If Rsi = Rs2 = Rs /2 the offset 
voltage at the input is E 0 s2 - E 0 si = los x R x / 2 . This input referred offset error 
may be compared directly with the input voltage to compute percent error. 
(Note that the source must be returned to power supply common or R s will be 
infinite and the amplifier will saturate.) 
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APPLICATIONS OF INSTRUMENTATION 
AMPLIFIERS 

Instrumentation amplifiers are generally used in applications where ex- 
tracting and accurately amplifying low level differential signals riding on 
high common-mode voltages (±10V) is very important. Such applications 
require high input impedance, high CMRR, low input noise, and excellent 
DC levels stability (low offset voltage drift). 

Instrumentation amplifiers are used as transducer amplifiers for various 
types of transducers such as strain gage bridges, load cells, thermistor 
networks, thermocouples, current shunts, biological probes, weather 
gauges and so forth. Other applications include recorder preamplifiers, 
multiplexer buffers, servo error amplifiers, current sensors, signal con- 
ditioners in process control and data acquisition systems, and in general 
measurements of small differential signals riding on common-mode 
voltages. 

The small size, low cost, and high performance of these amplifiers offer an 
attractive approach for data acquisition applications, that is, assigning a 
fixed-gain amplifier to each transducer and locating the amplifier physically 
near the transducer. This approach largely eliminates common-mode noise 
pickup problemssincea high level signal (ratherthan a low level transducer 
signal) is then retransmitted to the data gathering station. The result is a 
higher signal/noise ratio at the output. Using one amplifier per point may 
well be more economical, as well as offering better peformance and 
flexibility, than the approach of using low level multiplexers. 
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SELECTION GUIDE 
Instrumentation Amplifiers 
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Input Parameters 










Gain 

Gain 

Non- 

CMR, DC to 


Dynamic 









Accuracy 

Drift 

Linearity 

60Hz, G = 10 

Voltage 

Response 









G=100, 25° C 

G = 100 

G = 100 

ikn, 

vs. Temp. 

G = 100 

Temp. 


Price ($) 


Description 

Model 

Range 

max 

ppm/°C 

max 

UnbaL.min 

max (/uV/°Ci 

±3dB BW 

Ranged) 

Package 

Unit 

100’s 

Page 

Very-High 

INA101 AM 

1 - 1000 ( 2 ) 

0.03 

22(5) 

±0.007% 

96dB 

±(2 + 20/G) 

25kHz 

Ind 

TO-100 

13.20 

9.90 

2-7 

Accuracy 

INA101BM 

1-1000(2) 

0.03 

22(5) 

±0.004% 

96dB 

±(0.75 + 10/G) 

25kHz 

Ind 

TO-100 

16.00 

12.00 

2-7 


INA101CM 

1-1000(2) 

0.03 

22(5) 

±0.004% 

96dB 

±(0.25 + 10/G) 

25kHz 

Ind 

TO-100 

18.40 

13.80 

2-7 


INA101SM 

1-1000(2) 

0.03 

22(5) 

±0.004% 

96dB 

±(0.25 + 10/G) 

25kHz 

Mil 

TO-100 

19.50 

14.40 

2-7 


3630AM 

1-1000(2) 

0.1 

125(5) 

±0.007% 

96dB 

±(2 + 20/G) 

25kHz 

Ind 

DIP 

44.00 

28.00 

2-56 


3630BM 

1-1000(2) 

0.05 

125(5) 

±0.003% 

96dB 

±(0.75+ 10/G) 

25kHz 

Ind 

DIP 

62.25 

41.15 

2-56 


3630CM 

1-1000(2) 

0.05 

125(5) 

±0.003% 

96dB 

±(0.25+ 10/G) 

25kHz 

Ind 

DIP 

95.00 

64.50 

2-56 


3630SM 

1-1000(2) 

0.05 

125 

±0.003% 

96dB 

±(0.75 + 10/G) 

25kHz 

Ind 

DIP 

95.00 

64.50 

2-56 

General 

3626 A P 

5-1000(2) 

0.5 

35(5) 

±0.05% 

74dB 

±(6 + 10/G) 

14kHz 

Ind 

DIP 

30.50 

18.90 

2-42 

Purpose 

3626 BP 

5-1000(2) 

0.5 

35(5) 

±0.04% 

80dB 

±(3 + 5/G> 

14kHz 

Ind 

DIP 

32.55 

20.50 

2-42 


3626CP 

5-1000(2) 

0.5 

35(5) 

±0.04% 

80dB 

±(1 +5/G) 

14kHz 

Ind 

DIP 

39.40 

26.50 

2-42 


3629AM 

5-1000(2) 

0.1 

45(5) 

±0.007% 

106dB(3) 

±(3 + 10/G) 

30kHz 

Ind 

DIP 

29.60 

20.90 

2-50 


3629AP 

5-1000(2) 

0.1 

45(5) 

±0.007% 

106dB(3) 

±(3 + 10/G) 

30kHz 

Ind 

DIP 

26.50 

19.40 

2-50 


3629 BM 

5-1000(2) 

0.1 

45(5) 

±0.004% 

106dB(3) 

±(1.5 + 7.5/G) 

30kHz 

Ind 

DIP 

35.90 

23.92 

2-50 


3629BP 

5-1000(2) 

0.1 

45(5) 

±0.004% 

106dB(3) 

±( 1.5 + 7.5/G ) 

30kHz 

Ind 

DIP 

33.80 

20.80 

2-50 


3629CM 

5-1000(2) 

0.1 

45(5) 

±0.004% 

1 06d B( 3) 

±(0.75 + 5/Gi 

30kHz 

Ind 

DIP 

44.15 

29.15 

2-50 


3629CP 

5-1000(2) 

0.1 

45(5) 

±0.004% 

106dB(3) 

±(0.75 + 5/G ) 

30kHz 

Ind 

DIP 

39.40 

26.50 

2-50 


3629SM 

5-1000(2) 

0.1 

45(5) , 

±0.004% 

106dB(3) 

±(1.5 + 7.5/G) 

30kHz 

Ind 

DIP 

44.15 

26.15 

2-50 

Buffer, 

Unity-Gain 

3627AM 

1V/V, fixed 

0.01 

5 

±0.001 %( 4) 

90dB 

30 

800kHz(4) 

Ind 

TO-99 

12.50 

9.15 

2-46 

Differential 

3627 BM 

1V/V, fixed 

0.01 

5 

±0.001 %( 4) 

lOOdB 

20 

800kHz(4) 

Ind 

TO-99 

16.75 

11.25 

2-46 

| PROGRAMMABLE GAIN AMPLIFIERS j 

Noninverting 

PGA100AG 

Gain set 

0.05 

10 

±0.01 

NA 

6(6) 

5MHz 

Ind 

DIP 

57.00 

43.00 

2-15 

Multiplexed 

PGA100BG 

with 4-bit 

0.02 

10 

±0.005 

NA 

6(6) 

5MHz 

Ind 

DIP 

63.00 

47.00 

2-15 

Input 


word 1,2,4 














8, ...128 












Differential 

3606AG 

Gain set 

0.05 

10 

0.004% 

90dB, G = 1 

±(3 + 50/G) 

40kHz 

Ind 

DIP 

93.40 

63.75 

2-34 

Input 

3606AM 

with 4-bit 

0.05 

10 

0.004% 

90dB, G = 1 

±(3 + 50/G) 

40kHz 

Ind 

DIP 

110.00 

80.30 

2-34 


3606BG 

word 1,2,4, 

0.02 

10 

0.004% 

90dB, G = 1 

±(1 + 20/G) 

40kHz 

Ind 

DIP 

124.95 

86.70 

2-34 


3606BM 

8,. ..1024 

0.02 

10 

0.004% 

90dB, G = 1 

±(1 + 20/G) 

40kHz 

Ind 

DIP 

152.00 

106.00 

2-34 


| PRECISION TWO-WIRE TRANSMITTER 


Span 

Input Parameters 

Output Parameters 






Un- 




Offset 



Offset 

Full Scale 






trimmed 

Non- 

Temp. 

Offset 

Voltage vs 


Current 

Current 

Output 






error 

Linearity 

Drift 

Voltage 

Temp. max. 

CMR 

Range 

error 

Curt^nt 

Temp. 




Model 

max 

max 

ppm%/°C 

max 

M v/°c 

DC, min 

mA 

txA, max 

m A. max 

Ranged) 

Package 

Price 

Page 

XTR100AM/AP 

-3% 

0.01% 

±100 

±50,uV 

±1 

90dB 

4-20 

±4 

±20 

Mil/lnd 

DIP 

(6) 

2-23 

XTR100BM/BP 

-3% 

0.01% 

±100 

±25/iV 

±0.5 

90dB 

4-20 

±4 

±20 

Mil/lnd 

DIP 

(6) 

2-23 


NOTES: 1 ) Com = 0 to +70°C; Ind = -25°C to +85°C; Mil = -55°C to +125°C. 2) Set with external resistor. 3) DC only. 4) Unity-gain. 5) Typical. 6) Advance information 
subject to change, contact Burr-Brown for price and availability. 
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GLOSSARY OF TERMS & DEFINITIONS 
Instrumentation Amplifiers 


COMMON-MODE INPUT IMPEDANCE 

The effective impedance (resistance in parallel with 
capacitance) between either input of an amplifier and its 
common, or ground, terminal. 

COMMON-MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience 
the same common-mode voltage (CMV), the output 
should, ideally, be unaffected. CMR is the ratio of the 
common-mode input voltage change to the differential 
input voltage (error voltage) which produces the same 
output change. 

CMR (in dB) = 20 log, 0 CMV/Error Voltage 
Thus a CMR of 80dB means that IV of common-mode 
voltage will cause an error of 100/zV (referred to input). 

COMMON-MODE REJECTION RATIO (CMRR) 

The ratio of the differential voltage gain of an amplifier to 
its common-mode voltage gain. 

COMMON-MODE VOLTAGE (CMV) 

That portion of an input signal which is common to both 
inputs of a differential amplifier. Mathematically it is 
defined as the average of the signals at the two inputs: 
CMV = e, + e 2 /2 

FEEDBACK 

The return of a portion of the output signal from a device 
to the input of the device. 

FULL POWER FREQUENCY RESPONSE 

The maximum sinewave frequency at which a device can 
supply its peak-to-peak rated output voltage and current, 
without introducing significant distortion. 

GAIN 

The ratio of the output signal to the associated input 
signal of a device. 

GAIN ERROR 

The difference between the actual gain of an amplifier 
and the one predicted by the ideal gain expression. 

INPUT BIAS CURRENT 

The DC input current required at each input of an 
amplifier to provide zero output voltage when the input 
signal and input offset voltage are zero. The specified 
maximum is for each input. 


INPUT BIAS CURRENT DRIFT 

The rate of change of input bias current with temperature 
or time. 

INPUT GUARDING 

The use of an input shield that is sometimes driven to 
follow the voltage level of the input signal and, thereby, 
remove leakage and loss-inducing voltage differences 
between the input signal path and surrounding stray 
conduction paths. 

INPUT OFFSET CURRENT 

The difference of the two input bias currents in a 
differential amplifier. 

INPUT OFFSET VOLTAGE 

The DC input voltage required to provide zero voltage at 
the output of an amplifier when the input signal and input 
bias currents are zero. 

INPUT PROTECTION 

A means of protecting an input of a device from damage 
due to the application of excessive input voltage. 

INSTRUMENTATION AMPLIFIER 

A closed-loop differential input gain block exhibiting 
high input impedance and high common-mode rejection. 
Its primary function is to accurately amplify the voltage 
applied to its inputs. 

NONLINEARITY 

The peak deviation from a best straightline (curve fitting 
on input-output graph) expressed as a percent of peak-to- 
peak full scale output. 

OVERLOAD RECOVERY TIME 

The time /equired for the output of an amplifier to return 
from saturation to linear operation, following the 
removal of an input overdrive signal. 

SETTLING TIME 

The time required, after application of a step input signal, 
for the output voltage to settle and remain within a 
specified error band around the final value. 
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SLEW RATE 

The maximum rate of change of an output voltage when 
supplying the rated output. 




Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 


FEATURES APPLICATIONS 

• ULTRA-LOW VOLTAGE DRIFT - 0.25 M V/°C . AMPLIFICATION OF SIGNALS 

• LOW OFFSET VOLTAGE - 25 M V FROM SOURCES SUCH AS: 

• LOW NONLINEARITY - 0.002% Strain Gages 

• LOW NOISE - 13nV/\/Hz at f 0 = 1kHz Thermocouples 

• HIGH CMR - 106dB at 60Hz RTDs 

• HIGH INPUT IMPEDANCE - 1 0 1 On • REMOTE TRANSDUCERS 

• LOW COST . LOW LEVEL SIGNALS 

• MEDICAL INSTRUMENTATION 

DESCRIPTION 

The INA101 is a high accuracy, multistage, inte- 
grated-circuit instrumentation amplifier designed for 
signal conditioning requirements where very-high 
performance is desired. All circuits, including the 
interconnected thin-film resistors, are integrated on a 
single monolithic substrate. 

A multiamplifier design is used to provide the highest 
performance and maximum versatility with mono- 
lithic construction for low cost. The input stage uses 
Burr-Brown’s ultra-low drift, low noise technology 
to provide exceptional input characteristics. 

Gain accuracy is achieved with precision nichrome 
resistors. This provides high initial accuracy, low 
TCR (temperature coefficient of resistance) and 
TCR matching, with outstanding stability as a 
function of time. 

State-of-the-art wafer-level laser-trimming tech- 
niques are used for minimizing offset voltage and 
offset voltage drift versus temperature. This advanced 
technique also maximizes common-mode rejection 
and gain accuracy. 

The INA101 introduces premium instrumentation 
amplifier performance and with the lower cost makes 
it ideal for even higher volume applications. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-454A 
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INA101 







SPECIFICATIONS 


ELECTRICAL 

At +25° C with +15VDC power supply and in circuit of Figure 2 unless otherwise noted. 


INA101AM 


TYP | 


IDE 


INA101BM, INA101SM 


TYP MAX 


IDDI 


INA101CM 


TYP 


GAIN 

Range of Gain 
Gain Equation 
Error From Equation, DCH) 

Gain Temp. Coefficient^) 

G = 1 
G = 10 
G = 100 
G = 1000 
Nonlinearity, DC 


1 

G = 1 +(40k/RG) 
±(0.04±0.000016G 
- 0.02/G) 

1000 

±(0.1±0.0003G 
- 0.05/G) 


* 

* 


* 

* 

v/v 

V/V 

% of FS 


2 

20 

22 

22 

±(0.002 + 1Q- 5 G) 

5 

100 

110 

110 

±(0.005 + 2 x 10‘ 5 G) 


±(0.001 
+ 10' 5 G) 

±(0.002 
+ 10' 5 G) 


±(0.001 
+ 10‘ 5 G) 

±(0.002 
+ 10' 5 G) 

ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
% of p-p FS 


RATED OUTPUT 




Voltage 

±10 

±12.5 


* * 

. 

V 

Current 

±5 

±12.5 


* * 

* * 

mA 

Output Impedance 


0.01 


* 

* 

n 

1 INPUT OFFSET VOLTAGE 1 

Initial Offset at +25°C(3) 


±25 ±200/G 

±50 ±400/G 

±10 ±100/G ±25 ±200/G 

±10 ±100/G ±25 ±200/G 

mV 

vs. Temperature 



±2 ±20/G 

±0.75 ±10/G 

±0.25 ±10/G 

m v/°c 

vs. Supply 


±(1 +20/G) 

1 

* 

* 

mV/V 

vs. Time 


±(1 + 20/G) 




MV/mo 

INPUT BIAS CURRENT 







Initial Bias Current 
(each input) 
vs. Temperature 
vs Supply 

Initial Offset Current 
vs. Temperature 

INPUT IMPEDANCE ( 

Differential 

Common-mode 

INPUT VOLTAGE RANGE 

Range, Linear Response ±10 

CMR with 1 kO Source Imbal. 

DC to 60Hz, G = 1 80 

DC to 60Hz, G = 10 96 

DC to 60Hz, G = 100 to 1000 106 


±10 ±30 


±10 ±30 







Small Signal, ±3dB Flatness 
G = 1 
G = 10 
G = 100 
G = 1000 

Small Signal, ±1% Flatness 
G = 1 
G = 10 
G = 1 00 
G = 1000 

Full Power, G = 1 -100 

Slew Rate, G = 1 - 100 

Settling Time (0.1%) 

G = 1 
G = 100 
G = 1 000 

Settling Time (0.01%) 

G = 1 
G - 100 
G = 1000 
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ELECTRICAL (C0NT) 


MODEL 

INA101AM 

INA101BM, INA101SM 

INA101CM 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


POWER SUPPLY 



Rated Voltage 


±15 








V 

Voltage Range 

±5 


±20 

* 


* 




V 

Current, Quiescent 


±6.7 

±8.5 



* 




mA 

| TEMPERATURE RANGE 1 

Specification!*) 

-25 


±85 

* 






°C 

Operation 

-55 


±125 






* 

°C 

Storage 

-65 


±150 

_____ 






°C 


‘Specifications same as for INA101 AM. 

NOTES: 

1 . Typically the tolerance of Rg will be the major source of gain error. 2. Not including the TCR of Rg. 
3. Adjustable to zero at any one gain. 4. -55°C to +125°C for INA101SM. 


MECHANICAL 


CONNECTION DIAGRAM 


BOTTOM VIEW 



NOTE: 

Leads in true position within 0.010" 

1 0 .25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on p 


, 1 . 0 1 ■ 


MILLIMETERS 


5.84 BASIC 



+VCC 


ABSOLUTE MAXIMUM RATINGS 

Supply 

±20V 

Internal Power Dissipation 

600mW 

Input Voltage Range 

±Vcc 

Operating Temperature Range 

-55° C to ±125°C 

Storage Temperature Range 

-65° C to ±150°C 

Lead Temperature (soldering 10 seconds) 

±300° C 

Output Short-circuit Duration 

Continuous to ground 


TYPICAL PERFORMANCE CURVES 

At ±25°C and in circuit of Figure 2 unless otherwise noted. 


GAIN NONLINEARITY VS GAIN 




1 3.2 10 32 100 


Source Resistance Imbalance (kft) 


TOTAL OFFSET VOLTAGE 
DRIFT VS GAIN 
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TYPICAL PERFORMANCE CURVES (CONT) 


GAIN VS FREQUENCY 




WARM-UP DRIFT VS TIME 


QUIESCENT CURRENT VS SUPPLY 





0 ±5 ±10 ±15 

Supply Voltage (Volts) 




0 100 200 300 400 500 600 

Time (/usee) 

INPUT NOISE VOLTAGE 
VS FREQUENCY (100 < GAIN < 1000) 


f 























- 
















1 10 1 00 1 000 
Gain (V/V) 


10 100 
Gain (V/V) 


10 100 
Frequency (Hz) 


DISCUSSION OF PERFORMANCE 


INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are differential input closed- 
loop gain blocks whose committed circuit accurately 
amplifies the voltage applied to their inputs. They 
respond only to the difference between the two input 
signals and exhibit extremely-high input impedance, 
both differentially and common-mode. Feedback net- 
works are packaged within the amplifier module. Only 
one external gain setting resistor must be added. An 
operational amplifier, on the other hand, is an open-loop, 
uncommitted device that requires external networks to 


close the loop. While op amps can be used to achieve the 
same basic function as instrumentation amplifiers, it is 
very difficult to reach the same level of performance. 
Using op amps often leads to design trade-offs when it is 
necessary to amplify low level signals in the presence of 
common-mode voltages while maintaining high input 
impedances. Figure 1 shows a simplified model of an 
instrumentation amplifier that eliminates most of the 
problems. 
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FIGURE 1. Model of an Instrumentation Amplifier. 

THE INA101 


A simplified schematic of the INA101 is shown on the 
first page of this data sheet. It is a three-amplifier device 
which provides all the desirable characteristics of a 
premium performance instrumentation amplifier. In ad- 
dition, it has features not riormally found on integrated 
circuit instrumentation amplifiers. 

The input section (A1 and A2) incorporates high per- 
formance, low drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 
the high input impedance ( 10 lo fl) desirable in the instru- 
mentation amplifier function. The offset voltage and 
offset voltage versus temperature is low due to the 
monolithic design and improved even further by the 
state-of-the-art laser-trimming techniques. 

The output section (A3) is connected in a unity-gain 
difference amplifier configuration. A critical part of this 
stage is the matching of the four lOkfl resistors which 
provide the difference function. These resistors must be 
initially well matched and the matching must be main- 
tained over temperature and time in order to retain 
excellent common-mode rejection. (The 106dB minimum 
at 60Hz for gains greater than 100V/V is a significant 
improvement compared to most other integrated circuit 
instrumentation amplifiers.) 

All of the internal resistors are compatible thin-film 
nichrome formed with the integrated circuit. The critical 
resistors are laser-trimmed to provide the desired high 
gain accuracy and common-mode rejection. Nichrome 
ensures long-term stability of trimmed resistors and 
simultaneous achievement of excellent TCR and TCR 
tracking. This provides gain accuracy and common- 
mode rejection when the IN A 101 is operated over wide 
temperature ranges. 

USING THE INA101 

Figure 2 shows the simplest configuration of the IN A 1 0 1 . 
The gain is set by the external resistor, Rg with a gain 
equation of G = 1 + (40K/ Rg). The reference and TCR of 
Rg contribute directly to the gain accuracy and drift. 


For gains greater than unity, resistor Rg is connected 
externally between pins 1 and 4. At high gains where the 
value of Rg becomes small, additional resistance (i.e., 
relays, sockets) in the Rg circuit will contribute to a gain 
error. Care should be taken to minimise this effect. 

The optional offset null capability is shown in Figure 2. 
The adjustment affects only the input stage component of 
the offset voltage. Thus, the null condition will be 
disturbed when the gain is changed. Also, the input drift 
will be affected by approximately 0.31juV/°C per 100 /uV 
of input offset voltage that is trimmed. Therefore, care 
should be taken when considering use of the control for 
removal of other sources of offset. Output offsetting can 
be accomplished in Figure 3 by applying a voltage to the 
Common (pin 7) through a buffer amplifier. This limits 
the resistance in series with pin 7 to minimize CM R error. 
Resistance above 0.10 will cause the common-mode 
rejection to fall below 106dB. Be certain to keep this 
resistance low. 

BASIC CIRCUIT CONNECTION 

The basic circuit connection for the I N A 1 0 1 is shown in 
Figure 2. The output voltage is a function of the 
differential input voltage times the gain. 



Including Optional Input Offset Null 
Potentiometer. 


OPTIONAL OFFSET ADJUSTMENT PROCEDURE 

It is frequently desirable to null the input component of 
offset (Figure 2) and occasionally that of the output 
(Figure 3). The quality of the potentiometer will affect the 
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INA101 




FIGURE 3. Optional Output Offset Nulling or Offsetting Using External Amplifier (Low Impedance to Pin 7). 


results, therefore, choose one with good temperature and 
mechanical-resistance stability. The procedure is as 
follows: 

1. Set Ei = E 2 = OV (be sure a good ground return path 
exists to the input). 

2. Set the gain to the desired value by choosing Rg. 

3. Adjust to lOOkO potentiometer in Figure 2 until the 
output reads OV ±lmV or desired setting. Note that 
the offset will change when the gain is changed. If the 
output component of offset is to be removed or if it is 
desired to establish an intentional offset, adjust the 
lOOkn potentiometer in Figure 3 until the output 
reads 0 V ± 1 mV or desired setting. N ote that the offset 
will not change with gain, but be sure to use a stable 
external amplifier with good DC characteristics. The 


range of adjustment is ±15m’V as shown. For larger 
ranges change the ratio of Ri to R 2 . 

TYPICAL APPLICATIONS 

Many applications of instrumentation amplifiers involve 
the amplification of low level differential signals from 
bridges and transducers such as strain gages, thermo- 
couples, and RTD’s. Some of the important parameters 
include common-mode rejection (differential cancellation 
of common-mode offset and noise, see Figure 1), input 
impedance, offset voltage and drift, gain accuracy, 
linearity, and noise. The INAlOl accomplishes all of 
these with high precision. 

Figures 4 through 9 show some typical applications 
circuits. 



FIGURE 4. Amplification of a Differential Voltage from a Resistance Bridge. 
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FIGURE 5. Amplification of a Transformer Coupled Analog Signal. 



FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter. 



FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signals, 
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FIGURE 8. Precision Isolated Instrumentation Amplifier. 



FIGURE 9. Multiple Channel Precision Instrumentation Amplifier. 
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PGA100 


Digitally-Controlled 
Programmable Gain/Multiplexed Input 
OPERATIONAL AMPLIFIER 


FEATURES 

• HIGH GAIN ACCURACY. ±0.02%. max IB grade] 

• LOW NONLINEARITY. ±0.005%. max (B grade) 

• FAST SETTLING. 5^ec to 0.01% 

• LOW CHANNEL-TO-CHANNEL CROSSTALK. ±0.003% 

• INPUT PROTECTION. ±20V. max above ±Vj;c 

• 8 ANALOG INPUT CHANNELS WITH HIGH Z| N , 10"n 

• 8 BINARY GAINS 1. 2. 4. 8. 15 32. 64. 128 (V/V) 

• FULLY MICROPROCESSOR-COMPATIBLE 

DESCRIPTION 

The PGA 100 is a precision, digitally-programmable- 
gain multiplexed-input amplifier. The user can select 
any one of eight analog input channels simulta- 
neously with any one of eight noninverting binarily 
weighted gain steps from 1 to 128 (V/V). The digital 
gain and channel select are latchable for micro- 
processor interface. Also, the fast 5/zsec settling time 
is ideal for rapid channel scanning in data acquisition 
systems. 

Precision laser-trimming of both offset voltage and 

CONTROL [ CP °I I I f T 


APPLICATIONS 

• DATA ACQUISITION SYSTEM AMPLIFIER 

• SOFTWARE ERROR CORRECTION 

• AUTO-ZEROING CAPABILITY 

• DIGITALLY-CONTROLLED AUTORANGING SYSTEM 

• TEST EQUIPMENT 

• REMOTE INSTRUMENTATION SYSTEM 

• SYSTEM DYNAMIC RANGE AND RESOLUTION 

IMPROVEMENT 


gain accuracy, vith good temperature tracking ot 
feedback resistor ratios, permits direct use without 
adjustments. However, hardware or software cor- 
rection of errors is readily achievable. 

In addition, gain scaling to gains other than 1 to 
128V/V can easily be accomplished. 

Microcircuit construction and the use of laser- 
trimmed thin-film feedback resistors achieve high 
accuracy, small size, and low cost not obtained with 
discrete designs. 


CHANNELS I jjjjf, 
I IN T i 

VlNOl 



Vqo digital common v cc analog COMMON +v CC 


International Airport Industrial Park - P.0. Box 11400 • Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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PGA 100 










SPECIFICATIONS 

ELECTRICAL 

Specifications at Ta = +25°C, ±Vcc = 15VDC, Vdd = +5VDC unless otherwise noted. 


PGA100AG 

PGA100BG 

MIN | TYP | MAX 

MIN TYP MAX 


GAIN, G 


Inaccuracy!') 
vs Temperature^) 
vs Time 
Nonlinearity(3) 
vs Temperature^) 
vs Time 
Warm-up Time 


RATED OUTPUT 


Voltage 

Current 

Output Resistance 
Short Circuit Current 
Capacitive Load Range 


INPUT OFFSET VOLTAGE 


Initial 

vs Temperature 
vs Supply Voltage 
vs Time 


INPUT BIAS CURRENT 


Initial 

“OFF” Channel 
“ON” Channel 
vs Temperature 


INPUT DIFFERENCE CURRENT, 
BETWEEN CHANNELS 


Initial 

“OFF” Channel 
“ON” Channel 
vs Temperature 


ANALOG INPUT CHARACTERISTICS 


Absolute Max Voltage 
Input Voltage Range 
Input Impedance 
“OFF” Channel 
“ON” Channel 


INPUT NOISE 


Voltage Noise Density 


Voltage Noise 
Current Noise Density 
Current Noise 


G = 1 to 128, l 0 = 1mA 
-25° C < Ta <+85°C 


G = 1 to 128, l 0 = 1mA 
-25°C < Ta < +85° C 


lo = ±2mA 
V o = ±10V 
G < 128 

Phase Margin > 25° 


Ta = +25° C 
-25° C < Ta < +85° C 
±8VDC < | Vcc l<±18VDC 




±0.005 

±0.02 


±0.002 

±0.005 




No damage 
Linear operation 


to = 1Hz 

fo = 10Hz 

fo = 100Hz 

to = 1kHz 

fo = 10kHz 

fo = 100kHz 

fB = 0.1Hz to 10Hz 

fo = 0.1 Hz thru 8kHz 

fB = 0.1Hz to 10Hz 



Gain Bandwidth Product 


Full Power Bandwidth 

G = 1, Vo = 20V, p-p, Rl = 5kH 

Slew Rate 

G = 1, V o = ±10V, R L = 5kH 

Settling Time<5) 

G = 1, V o = ±10V, R l = 5kfl 

e = 1% 


e = 0.1% 


« = 0.01% 


Rise Time 

10% to 90%, small signal 

Phase Margin 

G = 1, Rl = 5kfl 

Overload Recovery (6) 

G = 1, 50% overdrive 

Crosstalk, RTI(5)(7) 

20V, p-p, 1kHz sine, Rs = Ikn 


on all OFF channel's 


DIGITAL INPUT(8) 


Input Low Threshold, Vil 
I nput “High” Threshold, Vih 
fmax, Maximum Clock Frequency 
twL, Clock Pulse Width (Low) 
t Sl , Setup Time (Data to CP) 
th v Hold Time (Data to CP) 
ts 2 , Setup Time (CE to CP) 
th,, Hold Time (CEto CP) 





2-16 


















































ELECTRICAL (CONT) 


PARAMETER 

CONDITIONS 

PGA100AG 

PGA1006G 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

| ANALOG SUPPLY | 

Rated Voltage 



±15 





VDC 

Voltage Range 

Derated performance 

±8 


±18 




V 

Positive Quiescent Current 



+20 

+27 


+15 

+20 

mA 

Negative Quiescent Current 



-10 

-16 


-7.5 

-12 

mA 

| DIGITAL SUPPLY | 

Rated Voltage 






1 



Voltage Range 



mm 





V 

Quiescent Current 

Vdd = +5. 25V 







mA 

| TEMPERATURE RANGE | 

Specification 








mm 

Operating 

Derated performance 


■ ■ 






Storage 



1 





Wmm 


‘Specifications same as PGA100AG. 

NOTES: 

1. Inaccuracy is the percent error between the actual and ideal gain 
selected. It may be externally adjusted to zero. 

2. Parameter is untested and is not guaranteed. This specification 
is established to a 90% confidence level. 

3. Nonlinearity is the maximum peak deviation from a “best straight line” 
(curve fitting on input-output graph) expressed as a percent of the full 
scale peak-to-peak output. Gain constant, Vout ranges from-iov to +10V. 

4. Doubles approximately every 10°C. 

5. See Typical Performance Curves. 


6. Time required for the output to return from saturation to linear 
operation following the removal of an input overdrive signal. 

7. Crosstalk is the amount of signal feedthrough from all OFF channels 
that appears at the output of the input multiplexer. It is expressed as a 
percent of the signal applied to all OFF channels. 

8. All digital inputs are one 74LSTTL load. 


MECHANICAL 


Pin numbers shown for reference only. 
Numbers may not be marked on package. 



CASE: Black Ceramic 
MATING CONNECTOR: 245MC 
PIN: Pin material and plating composition conform to 
method 2003 (solderability) of MIL-STD-883 (except 
paragraph 3.2). 

WEIGHT: 6.3 grams (0.225 oz.) 

HERMETICITY: Conform to method 1014 Condition C 
Step 1 (fluorocarbon) of MIL-STD-883 (gross leak). 


INCHES 


.600 BASIC 


MILLIMETERS 


ABSOLUTE MAXIMUM RATINGS 


Analog Supply 

±18V 

Digital Supply 

+7V 

Input Voltage Range, Analog 

±(|Vccl+20)V 

Input Voltage Range, Digital 

+7V 

Storage Temperature Range 

-55° C to +125°C 

Lead Temperature (soldering 10 seconds) 

300°C 

Output Short-circuit Duration 

Continuous to ground 

Junction Temperature 

175°C 


PIN DESIGNATIONS 



(TOP VIEW) 



S ANALOG 
COMMON* 

CE Clock 
Enable Not) 

18) CP (Clock Pulse) 


‘Connected internally. Use pin 20 as the primary analog common. 
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Relative Value Gain (dB) Error (%) Gain Accuracy (%) 


TYPICAL PERFORMANCE CURVES 

(Ta = +25°C. ±Vcc = 15VDC, Vdd = +5VDC, unless otherwise noted.) 

GAIN ACCURACY VS GAIN GAIN NONLINEARITY VS GAIN 


GAIN ACCURACY AND NONLINEARITY 
VS TEMPERATURE 



9S9B 












r i 

^Settling Time 




L 





0 g 


> 

^ Bandwidth 


0.8 



\ 1 

Slew Rate 



0.7 







n 

m 

■ 

■ 

— 

L . 





H 


Rs = 
Rl = 

son 

5kH 



■i 


G 

= i 



■1 






■ 





_ 



















Analog Supply Current (mA) Change In Input Offset Voltage (mV) Power Supply Rejection (dB) Input Noise Voltage (nVA/flz) 


lOoo 


100 


INPUT NOISE 

VOLTAGE VS FREQUENCY 


INPUT NOISE 

CURRENT VS FREQUENCY 


100 

80 

60 

40 

20 

0 


10 100 Ik 10k 100k 1M 

Frequency (HZ) 

POWER SUPPLY 
REJECTION VS FREQUENCY 



CHANNEL-TO-CHANNEL 
CROSSTALK VS FREQUENCY 




— 1 


— 






Pos 

itive S 

jppiy 











rj 


N 

legativc 

3 Supp 

ly 


\ 






sJ 


DO Ik 10k 100k 1M 

Frequency (Hz) 

STABILIZATION TIME OF INPUT OFFSET 
VOLTAGE FROM POWER TURN-ON 


100 ik 10k 100k Itt 

Frequency (Hz) 

INPUT BIAS CURRENT 



THERMAL RESPONSE TIMEOFINPUT 
OFFSET VOLTAGE FROM HEAT APPLICATION 



3C 
„ 25 

CO 

0) 

> 

© 

o> 

2 15 
o 

> 

I 10 

3 

o 


■ 

■ 





■ 

■ 

■ 

m 


85 

■ 


1 

Wa 

X 

m 

■ 

K 




\m 

X 

m 

Wa 

i 

X 

X 

m 

SB 


1 



) 100 Ik 10k 100k 1M 

Frequency (Hz) 

INPUT BIAS CURRENT 



15 +5 +25 +45 +65 +85 

Temperature (°C) 

OUTPUT VOLTAGE 
VS OUTPUT CURRENT 










" 

_ J 





Vcc 

= ±18VDC 




^ 1 

Vcc = ±15VDC 

1 




Vcc 

= ±8 VC 

c 

1 

r 




Z 

z 


t 



2 4 6 8 10 

Output Current (mA) 


ANALOG SUPPLY CURRENT 



0.7l— L— JL— - 1 1 — L I 

5 10 15 20 


Supply Voltage (±Vcc) 


QUIESCENT SUPPLY 



-35 -15 +5 +25 +45 +65 +85 

Temperature (°C) 


ANALOG INPUT 

OVERVOLTAGE CHARACTERISTICS 
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DISCUSSION OF 
PERFORMANCE 

The PGA 100 is a self-contained programmable-gain 
amplifier whose gain can be changed in 8 binarily 
weighted steps from 1 to 128 or as scaled externally 
through the gain scale/ adjust pin. The gain control is 
accomplished by the gain switch (break-before-make) 
whose position is determined by the 3-bit TTL address, 
A 3 , A*, and As. When selected, 1 of 8 positions connects 
the thin-film resistor network to the feedback loop of the 
op amp. This establishes the desired gain. (See Installa- 
tion and Operating Instructions for gain scaling.) 
Similarly, the 8 analog input channels are switched by the 
input multiplexer (break-before-make) whose position is 
determined by the 3 -bit TTL address, Ao, Ai, and A 2 . 
Gain and channel selection appear inTable 1. 64-channel/ 
gain combinations are possible. 

The digital inputs are latched by the positive transition of 
the clock pulse, pin 18, when the clock enable, pin 19, is 
low. The relative set up and holding times specified in the 
Electrical Specifications are shown in Figure 1. The 
internal latch is similar to the industry standard 74LS378. 
Figure 2 shows a timing diagram for selected addresses 
indicating: the enable function, changing channel and 
gain, changing channel/ constant gain, and constant 
channel/ changing gain. 


TABLE I. Gain and Channel Select Truth Table. 


GAIN SELECT 

GAIN 

CHANNEL SELECT 

CHANNEL 

As 

A 4 

a 3 


A 2 

Ai 

Ao 


0 

0 

0 

1 

0 

0 

0 

INO 

0 

0 

1 

2 

0 

0 

1 

INI 

0 

1 

0 

4 

0 

1 

0 

IN2 

0 

1 

1 

8 

0 

1 

1 

IN3 

1 

0 

0 

16 

1 

0 

0 

IN4 

1 

0 

1 

32 

1 

0 

1 

IN5 

1 

1 

0 

64 

1 

1 

0 

IN6 

1 

1 

1 

128 

1 

1 

1 

IN7 



FIGURE 1. Data Address and Clock Enable Setup and 
Hold Times. 



FIGURE 2. Timing Diagram for Selected Addresses. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY AND SIGNAL CONNECTIONS 



FIGURE 3. Basic Power Supply, Ground, and 
Signal Connections. 


Figure 3 shows the proper analog and digital power 
supply connections. The supplies should be decoupled 
with 1/xF tantalum and lOOOpF ceramic capacitors as 
close to the amplifier as possible. To avoid gain errors 
connect grounds as indicated being sure to minimize 
ground resistance. Note that a resistance of greater than 
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0.005H in series with the analog common will degrade the 
specified gain accuracy. IMPORTANT: Normally the 
digital ground is brought in from the digital power supply 
on a separate line. However, the analog and digital 
commons must be connected together somewhere in the 
system. 

OPTIONAL GAIN SCALE/ADJUST 

The gain scale/ adjust pin is shown in Figure 4. When no 
connection is made, gains appear as in Table I. At least 
two functions can be performed. First, the gain range can 
be scaled to gains other than 1 to 128, for example, 1 to 
100 or 1 to 1024. Gain steps, however, retain binary 
weighting. Some examples are: (1, 1, 2, 4, 8, 16, 32, 64 
with pins 1 1 and 1 2 connected together), (1,1 .5625, 3. 1 25, 
6.25, 12.5,25,50, 100), (1, 12.5,25,50, 100,200,400, 800), 
and (1, 16, 32, 64, 128, 256, 512, 1024). Scaling is 
accomplished by using a potentiometer, Ri, shown in 
Figure 4. Be certain to use a potentiometer of good 
mechanical and thermal stability. Additional gain drift 
with temperature should be minimal since it depends on 
the thermal tracking of the resistance ratio, Ra to Rb, set 
by the potentiometer. 



FIGURE 4. External Gain and Offset Adjustment. 


Second, the gain inaccuracy, remaining after laser trim- 
ming at the factory, can be adjusted to zero at any gain 
other than unity. To improve resolution and limit 
adjustment range, a resistor may be added in series with 
the wiper of the potentiometer and pin 12. This will, 
however, increase gain drift. Figure 5 shows the effect of 
gain adjustment. Ri does not affect gain linearity. 

OPTIONAL OFFSET ADJUSTMENT 

Figure 4 also illustrates a technique for offset adjustment. 
This adjustment has no effect at unity gain. R 2 will trim 
the offset to zero and have neglible effect on the gain 
accuracy. For best results, trim the offset at the highest 



gain. If R 3 is made smaller, output offsetting can be 
accomplished. This can be used to introduce an inten- 
tional DC voltage at the output. The external amplifier 
used will add to the input noise, therefore, use one with a 
noise level of at least three times lower than that specified 
for the PGA 100. 

LAYOUT CONSIDERATIONS 

Proper attention to layout is necessary to achieve the 
specified performance of the PG A1 00. Major goals are to 
reduce crosstalk, noise pickup, noise coupled from the 
power supply, and gain errors. 

Be certain to separate analog and digital runs to avoid 
coupling of digital transients. To reduce gain errors, 
connect analog grounds with a ground plane or a low 
resistance star configuration as shown in Figure 3. 
Analog and digital commons must be connected at some 
point in the system to insure proper operation. 

GAIN INACCURACY AND NONLINEARITY 

As shown in Figure 3, connect pins 5 and 20 directly 
together at the unit and use pin 20 as the primary analog 
common. Ground resistance in series with pin 20 also 
appears in series with the internal gain-setting resistors 
and will decrease the magnitude of all gains except unity. 
The resulting accuracy error varies nonlinearly with the 
gain selected and therefore cannot be externally adjusted 
to zero for more than one gain at a time. Gain linearity is 
not affected by external ground resistance (see Per- 
formance Curves.) 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from all 
OFF channels that appears at the output of the input 
multiplexer. It is expressed as a percent otfthe input signal 
applied to all OFF channels. For example, the 0.003% 
specification indicates that 0.6mV, p-p, out of a 20V, p-p, 
1kHz sine wave (applied to 7 OFF channels) will appear 
at the noninverting input of the internal op amp. Note 
that crosstalk increases with high frequencies due to the 
capacitive coupling between ON and OFF channels. It 
also increases with greater source resistance. However, 
because both the input signal and crosstalk noise are 
amplified equally, the resulting output signal-to-noise 
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ratio is independent of gain. Unused input channels 
should be grounded in order to reduce crosstalk and 
extraneous noise pickup. (See Performance Curves.) 

SETTLING TIME 

Settling time is the time required, after application of a 
step input signal, for the output voltage to settle and 
remain within a specified error band around the final 
value. It is a very important consideration since ' s will 
be the limiting parameter in determining the maximum 
channel scanning or throughput rate. The PGA100 
specification includes the effects of both the multiplexer 
and amplifier. Note that settling time increases with 
increasing source resistance and gain. Minimum settling 
time is achieved by choosing a low source resistance, for 
example, R s < 10kH and gains ^ 16. (See Performance 
Curves.) 

INPUT OVERVOLTAGE PROTECTION 

The PGA 100 provides input overvoltage protection of 
20 V in excess of either power supply voltage expressed as 
±( |Vcc |+20). This is achieved in the dielectrically 
isolated analog multiplexer which will withstand over- 
voltage even when the power supplies are off. As a 
consequence the PGA 100 is protected against high input 
levels and brief transient spikes of up to several hundred 
volts that can result from signals originating from outside 
the system. (See Performance Curves.) 

TYPICAL APPLICATIONS 

The PGA 100 is ideal for a variety of applications, 
especially where low channel-to-channel crosstalk is 
required. In many applications the PGA 100 will not 
require trimming of offset and gain errors. However, 
these can be minimized utilizing hardware or software 
error correction techniques. Figures 6 and 7 show 


applications of the PGA 100 separately and in a data 
acquisition system. 

Figure 7 shows a Data Acquisition System. In this system 
the PGA 100 allows the user to deal with signals of wide 
dynamic range while maintaining high system resolution. 
For example: When used with a 12-bit A/ D converter in 
a “floating point” system, the 2 7 gain range of the 
PGA 100 plus the 2 12 range of the converter produces a 
total system resolution of2 19 (524,000 to 1). 

Also the user can modify and reprogram gain values for 
different analog input channels merely by changing the 
software computer program. Since different dedicated 
amplifiers are not required for various input channels, 
the PGA 100 also saves space and overall system costs. 
Software correction virtually eliminates system offset 
and gain errors over both time and temperature. 




FIGURE 7. Use of PGA100 in a Data Acquisition System with Software Auto-zero and Gain Calibration. 
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BURR -BROWN® 

iBBl 

XTR100 

ADVANCE INFORMATION 
Subject to Change 

Precision, 

Low Drift 

4mA to 20mA 

TWO-WIRE TRANSMITTER 

FEATURES 

APPLICATIONS 

• INSTRUMENTATION AMPLIFIER INPUT 

• INDUSTRIAL PROCESS CONTROL 

Low Offset Voltage, 25 M V max 

Pressure Transmitters 

Low Voltage Drift, 0.5 mV/°C max 

Temperature Transmitters 

Low Nonlinearity, 0.01% max 

Millivolt Transmitters 

• TRUE TWO-WIRE OPERATION 

• RESISTANCE BRIDGE INPUTS 

Power and Signal on One Wire Pair 

Current Mode Signal Transmission 

• THERMOCOUPLE INPUTS 

High Noise Immunity 

• RTD INPUTS 

• DUAL MATCHED CURRENT SOURCES 

• CURRENT SHUNT (mV) INPUTS 

• WIDE SUPPLY RANGE, 11.6V to 40V 

• AUTOMATED MANUFACTURING 

• -40°C TO +70°C SPECIFICATION RANGE 

• SMALL 14-PIN DIP PACKAGE 

• POWER PLANT/ENERGY SYSTEM MONITORING 


DESCRIPTION 

The XTR100 is a microcircuit, 4mA to 20mA, two- 
wire transmitter containing a high accuracy instru- 
mentation amplified (I A), a voltage controlled output 
current source, and dual-matched precision current 
references. This combination is ideally suited for 
remote signal conditioning of a wide variety of 
transducers such as thermocouples, RTD’s, ther- 
mistors, and strain gauge bridges. State-of-the art 
design and laser-trimming, wide temperature range 
operation and small size make it very suitable for 
industrial process control applications. 

The two-wire transmitter allows signal and power to 
be supplied on a single wire-pair by modulating the 
power supply current with the input signal source. 
The transmitter is immune to voltage drops from 
long runs and noise from motors, relays, actuators, 
switches, transformers, and industrial equipment. It 
can be used by OEMs producing transmitter modules 


or by data acquisition system manufacturers. Also, 
the XTR100 is generally very useful for low noise, 
current-mode signal transmission. 



International Airport Industrial Park - P.0. Box 11400 ■ Tucson, Arizona 85734 - Tel. (602) 746-111 1 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-467 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25°C, +Vcc = 24VDC, Rl = 100fl unles otherwise noted. 


CONOITIOLNS/DESIGNATION 


OUTPUT AND LOAD CHARACTERISTICS 


XTR100AM/AP 


Current 

Current 

Current Limit 

Offset Current Error 

Offset Current Error vs Temp. 

Full Scale Output Current Error 

Power Supply Rejection 

Power Supply Voltage 

Load Resistance 


Equation 

Untrimmed Error( 2 ) 
Nonlinearity 
Hysteresis 
Dead Band 
Temperature Effects 


INPUT CHARACTERISTICS 


Impedance 
Differential 
Common-Mode 
Voltage Range, Full Scale 
Offset Voltage 
vs Temperature 
Bias Current 
vs Temperature 
Offset Current 
vs Temperature 
Common-Mode Rejection^) 
Common-Mode Range 


CURRENT SOURCES 


Magnitude 

Accuracy 

vs Temperature 
vs Time 
Ratio Match 
Accuracy 
vs Temperature 
vs Time 

Output Impedance 


TEMPERATURE RANGE 


Specification 
Operating (AM, BM) 
(AP, BP) 
Storage (AM, BP) 

’ (AP, BP) 


Linear Operating Region 
Derated Performance 
lo min 

los, lo = 4mA 
Alos/AT 

Full Scale = 20mA 

Vcc, pins 7 & 8 , compliance^) 
At Vcc = +24 V, lo = 20 mA 
At Vcc = +40V, lo = 20mA 




Rs in O, ei and 62 in V 

eSPAN 

€NONLINEARITY 


Ae = (62 - ei)(3) 

Vos 

AVos/AT 

Ib 

AIb/AT 

Iosi 

Alosi/AT 

DC 

ei and e 2 with respect to pin 7 



Vcc = 24V, VpiN 8 to VpiN 10 , 11 = 


1 

14V, R 2 = 5k, Fig. 3 


±8 

Tracking 

1 - Irefi/Iref2 

10 

±1 




‘Same as XTR100AM/AP. 


NOTES: 

1. See Typical Performance Curves. 

2. Span error shown is untrimmed and may be adjusted to zero. 

3. ei and e 2 are signals on the -IN and +IN terminals with respect to the output, pin 7. While the maximum permissible Ae is IV, it is primarily intended 
for much lower input signal levels, e.g., lOmV or 50mV full scale for the XTR100A and XTR100B grades respectively. 

4. Offset voltage is trimmed with the application of a 5V common-mode voltage. Thus the associated common-mode error is removed. See 
Applications Information section. 
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ABSOLUTE MAXIMUM RATINGS 


PIN DESIGNATIONS 


Power Supply, Vcc 

40V 

Input Voltage, ei, ore 2 

> VOUT, < +Vcc 

Storage Temperature Range, metal 

-55 °C to +165°C 

Storage Temperature Range, plastic 

-40° C to +85° C 

Lead Temperature (soldering 10 seconds) 

300° C 

Output Short-circuit Duration 

Continuous to ground 

Junction Temperature 

+165°C 



MECHANICAL 



XTR100AM/BM 

(Metal) 

NOTE: Leads in true position within 
0.10" (0.25mm > R at MMC 
at seating plane. 



Pin numbers shown for 
reference only. 

Numbers are not marked 
on package. 



A 

f 


B 


t 

o 


t 


Denotes 
C Pin 1 


zzxmnT 

,_l L„ 


d 




14 8 


XTR100AP/BP 

(Plastic) 

NOTE: Leads in true position within 
0.10" 1 0.25mm i R at MMC 
at seating plane. 



Pin numbers shown for 
reference only. 

Numbers are not marked 
on package. 


TYPICAL PERFORMANCE CURVES 

(Ta = +25° C, +Vcc = 24V DC unless otherwise noted) 



100 Ik 10k 100k 1 M 

Frequency ( Hz > 



Time t/usec> 


FULL SCALE INPUT VOLTAGE VS R S 
Rs (ft) 

0 100 200 300 400 
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AeiN Full Scale (V i 









COMMON-MODE REJECTION 



0.1 1 10 100 Ik 10k 100k 

Frequency (Hz) 


POWER SUPPLY 
REJECTION VS FREQUENCY 



Frequency (Hzi 


BANDWIDTH VS 



1 10 100 Ik 10k 100k 1M 

Bandwidth Control, Cc ( pF 


INPUT VOLTAGE NOISE 



1 10 100 Ik 10k 100k 1M 

Frequency (Hz 


INPUT CURRENT NOISE 



OUTPUT VOLTAGE NOISE 



Frequency i Hz > 


Frequency (Hzi 


THEORY OF OPERATION 

A simplified schematic of the XTR100 is shown in Figure 
1. Basically the amplifiers, Ai and A2, act as an instru- 
mentation amplifier controlling a current source, A3 and 
Qi. Operation is determined by an internal feedback 
loop, ef applied to pin 3 will also appear at pin 5 and 
similarly e2 will appear at pin 6. Therefore the current in 
R s , the span setting resistor, will be Is = (e2 - ei)/Rs - 
eiN/Rs. This current combines with the current, I3, to 
form 1 1 . The circuit is configured such that I2 is 19 times 
Ii . From this point the derivation of the transfer function 
is straightforward but lengthy. The result is shown in 
Figure 1. 

Examination of the transfer function shows that lo has a 
lower range-limit of 4mA when eiN = e: - er = 0V. This 
4mA is composed of 2mA quiescent current exiting pin 7' 
plus 2mA from the current sources. The upper range limit 
of Io is set to 20mA by the proper selection of Rs based on 
the upper range limit of eis. Specifically Rs is chosen for a 
16mA output current span for the given full scale input 
voltage span; i.e., (0.0 16mA/ mV + 40/ Rs) (eiN full scale) 
= 16mA. Note that since Io is unipolar e2 must be kept 
larger than ei; i.e., e2 ^ ei or eiN ^ 0. Also note that in 
order not to exceed the output upper range limit of 
20mA, eiN must be kept less than IV when R s = 00 and 
proportionately less as Rs is reduced. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 


Major points to consider when designing with the 

XT R 100: 

1 . The leads to Rs should be kept as short as possible to 
reduce noise pick-up and parasitic resistance. 

2. +Vcc should be bypassed with a 0.01/xF capacitor as 
close to the unit at possible (pin 8 to 7). 

3. Always keep the input voltages within their range of 
linear operation; 

4V ^ei < 6V 
4V^e 2 ^6V 

(ei and e 2 measured with respect to pin 7) 

4. The maximum input signal level (eiN FS ) is 1 V with 
Rs = 00 and proportionally less as Rs decreases. 

5. Always return the current references (pins 10 and 1 1) 
to the output (pin 7) through an appropriate resistor. 
If the references are not used for biasing or excitation 
connect them together and through a IkH resistor to 
pin 7. Each reference must have between +1V and 
+(Vcc -4V) with respect to pin 7. 

6. Always choose Ri. (including line resistance) so that 
the voltage between pins 7 and 8 (+V C c) remains 
within the 1 1.6V to 40V range as the output changes 
between the 4mA to 20mA range (see Figure 2). 

7. It is recommended that a reverse polarity protection 
diode (Di in Figure 1) be used. This will prevent 
damage to the XXR100 caused by momentary (e.g., 
transient) or long term application of the wrong 
polarity of voltage between pins 7 and 8. 


1500 

1250 

c| 

^ 1000 
I 750 

!- 

s 

250 

0 

0 10 20 30 40 50 60 

Power Supply Voltage. Vp S (volts). 

FIGURE 2. Power Supply Operating Range. 



SELECTING R s 

Rspan is chosen so that a given full scale input span eiN Fs 
will result in the desired full scale output span of Aim s, 
16mA [(0.0 16mA/ mV) + (40/ R s )] Aei N = AIo. 


Solving for Rs; 


Rs = 


40 

AIo/Ae- 0.016 


mA 

mV 


( 1 ) 


where Rs is in Cl 

AIo is in mA 
AeiN in mV 

For example, if AeiN FS = lOOmV for AI 0ps = 16mA 


Rs- 


40 

(16/ 100) - 0.016 


40 

0.16-0.016 


40 

0.144 


= 278H 


See Typical Performance Curves for a plot of Rs vs 
AeiN FS . Note that in order not to exceed the 20mA upper 
range limit eiN must be less than IV when Rs = 00 and 
proportionately smaller as Rs decreases. 


BIASING THE INPUTS 

The internal circuitry of the XTR 100 is such that- both ei 
and e 2 must be kept approximately 5V above the voltage 
at pin 7. This is easily done by using one or both current 
sources and an external resistor R 2 . Figure 3 shows the 
simplest case - a floating voltage source e' 2 . The 2mA 
from the current sources flows through the 2.5kH value 
of R 2 and both ei and e 2 are raised by the required 5V with 
respect to pin 7. For linear operation the constraint is 
■T4V ^ e, ^ +6V 
+4V ^ e 2 < +6V 



FIGURE 3. Basic Connection for Floating Voltage 
Source. 


Figure 4 shows a similar connection for a resistive 
transducer. The transducer could be excited either by one 
(as shown) or both current sources. 
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CMV AND CMR 

Thus the XTR100 is designed to operate with a nominal 
5V common-mode voltage at the input and will function 
properly with either input operating over the range of 4V 
to 6V with respect to pin 7. The error caused by the 5V 
CMV is already included in the accuracy specifications. 
If the inputs are biased at some other CMV then an input 
offset error term is (CMV - 5)/CMRR; CMR is in dB, 
CMRR is in V/V. 

SIGNAL SUPPRESSION AND ELEVATION 

In some applications it is desired to have suppressed zero 
range (input signal elevation) or elevated zero range 
(input signal suppression). This is easily accomplished 
with the XTR100 by using the current sources to create 
the suppression/ elevation voltage. The basic concept is 
shown in Figures 5 and 6(a). In this example the sensor 
voltage is derived from Rt (a thermistor, RTD or other 
variable resistance element) excited by one of the 1mA 
current sources. The other current source is used to create 
the elevated zero range voltage. Figures 6(b), (c) and (d) 
show some of the possible circuit variations. These 
circuits have the desirable feature of noninteractive span 
and suppression/elevation adjustments. Note: It is not 
recommended to use the optional offset voltage null ( pins 
1, 2, and 14) for elevation/suppression. This trim 
capability is used only to null the amplifiers input offset 
voltage. In many applications the already low offset 
voltage (typically 20/i V) will not need to be nulled at all. 
Adjusting the offset voltage to nonzero values will 
disturb the voltage drift by ±0.3/zV/°C per lOO^uV of 
induced offset. 



FIGURE 5. Elevation and Suppression Graph. 



e lN = I® 2 • v 4l 
V 4 = 1mA x R 4 
0 2 = 1mA x Rj 
(a) Elevated Zero Range 



V 4 = 2mA x R 4 
(c) Elevated Zero Range 



0 , N = (e' 2 + V 4 ) 

V 4 = 1mAxR 4 
e 2 = 1mA x R T 
(b) Suppressed Zero Range 



e| N = (e' 2 + V 4 ) 

V 4 = 2mA x R 4 

(d) Suppressed Zero Range 


FIGURE 6. Elevation and Suppression Circuits. 


APPLICATION INFORMATION 

The small size, low offset voltage and drift, excellent 
linearity, and internal precision current sources, make 
the XTR100 ideal for a variety of two-wire transmitter 
applications. It can be used by OEM ’s producing different 
types of transducer transmitter modules and by data 
acquisition systems manufacturers who gather transducer 
data. Current mode transmission greatly reduces noise 
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interference. The two-wire nature of the device allows 
economical signal conditioning at the transducer. Thus 
the XTR 100 is, in general, very suitable for individualized 
and special purpose applications. 

EXAMPLE 1 - RTD Transducer shown in Figure 7. 
Given a process with temperature limits of + 25°C and 
+ 150°C, configure the XTR 100 to measure the temper- 
ature with a Platinum RTD which produces 1000 at 0°C 
and 2000 at +266°C (obtained from standard RTD 
tables). T ransmit 4mA for +25°C and 20mA for + 1 50°C. 
Computing Rs. 

The sensitivity of the RTD is AR/AT = 100n/266°C. 
When excited with a 1mA current source for a 25°C to 
150°C range (i.e., 125°C span) the span of ei N is 1mA x 
(1000/266°C) x 125°C = 47mV = Aei N . 


From equation 1, Rs = 


40 

Alp 0.016mA 
Ae in mV 


40_ = 40 

16mA 0.016mA 0.3244 

47mV " mV 


123.30 


Span adjustment (calibration) is accomplished by trim- 
ming R s . 

Computing R 4 -‘ 

At 25°C, e ' 2 = ImA x[100fl + ( x 25°C)] 

26 o C 

= 1mA x 109.40 
= 109.4mV 

In order to make the lower range limit of 25°C correspond 
to the output lower range limit of 4mA the input circuitry 
shown in Figure 7 is used. 

em is made 0 at 25°C 

or e 2 25 " c - V 4 = 0 

thus, V 4 = e 2 25 “c = 109. 4m V 


V 4 109,4mV 

1mA 1mA 


109.40 


Computing R 2 and checking CMV : 

At 25°C, e '2 = 1 09.4m V 

At I50°C, el = 1mA x [10012 + x I50°C)] 

266 C 


= 156.4mV 


Since both e? and V 4 are small relative to the desired 5 V 
common-mode voltage they may be ignored in computing 
R 2 as long as the CMV is met. 


R 2 = 5V/2mA = 2.5kO 
e 2 min = 5V + 0.1094V | 
e 2 max = 5V + 0.1564V \ 
ei = 5V + 0. 1094V J 


The +4V to +6V CMV 
requirement is met. 



FIGURE 7. Circuit for Example 1. 

EXAMPLE 2 - Thermocouple Transducer shown in 
Figure 9. Given a process with temperature (T i ) limits of 
0°C and + 1000°C, configure the XTR 100 to measure the 
temperature with a type J thermocouple that produces a 
58mV change for 1000°C change. Use a semiconductor 
diode for a cold junction compensation to make the 
measurement relative to 0°C. This is accomplished by 
supplying a compensating voltage, V R6 , equal to that 
normally produced by the thermocouple with its “cold 
junction” (T 2 ) at ambient. At a typical ambient of +25°C 
this is 1.28mV (obtained from standard thermocouple 
tables with reference junction of 0°C). Transmit 4mA for 
Ti =0°C and 20mA for Ti = + 1000°C. Note: ei N = e: - ei 
indicates that Ti is relative to T:. 

Establishing Rs : 

The input full scale span is 58mV (AeiN FS = 58mV). 

Rs is found from equation (1) 


40 


Ah, 

0.016mA 


Aeis 

mV 



40 

40 

16mA 

0.016mA 

0.2599 


58mV mV 

Rs = 153.90 
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Cold Junction Compensation: 

The temperature reference circuit is shown in Figure 8. 



FIGURE 8. Cold Junction Compensation Circuit. 



FIGURE 9. Thermocouple Input Circuit with Two 
Temperature Regions and Diode (D) 
Cold Junction Compensation. 


The diode voltage has the form 

KT i Idiode 

Typically at T 2 = 25°C, V D = 0.6V and AV D /AT = 
-2mV/°C. R 5 and R& form a voltage divider for the diode 
voltage Vd. The divider values are selected so that the 
gradient AV D /AT equals the gradient of the thermo- 
couple at the reference temperature. At 25°C this is 
approximately 52 • V/°C (obtained from standard thermo- 
couple table) therefore, 

AVtc/AT — AVd/AT ( ) 

K5 -r K.6 

52 m V/"C = 2000 m V/°C ( — ) (2) 

R5 T R6 

Rs is chosen as 2kfl to be much larger than the resistance 
of the diode. Solving for R6 yields 510. 

Selecting R 4 : 

R 4 is chosen to make the output 4mA at Ttc = 0°C (Vie = 
-1.28mV) and T D = 25°C (V D = 0.6V). A circuit is shown 
in Figure 9. 

Vie will be -1.28mV when Ttc = 0°C and the reference 
juntion is at +25°C. ei must be computed for the 
condition of Td = +25°C to make eiN = OV. 

V,>25’ C = 600mV. 

ei 25 „ c = 600mV x 51/205 = 14.9mV 

em — e 2 - ei = + Vie + V 4 - ei 

with em ■— 0 and Vtc = - 1 .28mV 

V 4 = e' T +’ eiN - V T e = 14.9mV + OV -(-1.28mV) 

1mA x R 4 = 16. 18m V 

R 4 = 16. 18H 


THERMOCOUPLE BURN-OUT INDICATION 

In process control applications it is desirable to detect 
when a thermocouple has burned out. This is typicaly 
done by forcing the two-wire transmitter current to either 
limit when the thermocouple impedance goes very high. 
The circuits of Figures 14 and 15 inherently have down 
scale indication. When the impedance of the thermo- 
couple gets very large (open) the bias current flowing into 
the +input (large impedance) will cause I 0 to go to its 
lower range limit value (about 3.8mA). If up scale 
indication is desired the circuit of Figure 16 should be 
used. When the TC opens the output will go to its upper 
range limit value (about 38mA). 


OPTIONAL INPUT OFFSET VOLTAGE TRIM 

The XTR 100 has provisions for nulling the input offset 
voltage associated with the input amplifiers. In many 
applications the already low offset voltage (25^u V max for 
the B grade, 50/i V max for the A grade) will not need to 
be nulled at all. The null adjustment can be done with a 
potentiometer at pins 1 , 2, and 14 as shown in Figures 3 
and 4. Either of these two circuits may be used. NOTE: It 
is not recommended to use this input offset voltage 
nulling capability for elevation or suppression. See the 
Signal Suppression and Elevation section for the proper 
techniques. 


OPTIONAL BANDWIDTH CONTROL 

Low-pass filtering can be done by either one of two 
techniques shown in Figure 10. C 2 connected to pins 3 
and 4 will reduce the bandwidth with a cutoff frequency 
given by 

fco /r “ 


1.59 x 10 


(R, -f R 2 + Ry+ R 4 )(C 2 + 0.047/uF) 
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with fco in Hz, all Rs in H and C 2 in ^F. This method has 
the disadvantage of having fco vary with Ri, R 2 , R3, R4, 
and it may require large values of R3 and R 4 . The other 
method, using Ci will use smaller values of capacitance 
and is not a function of the input resistors. It is however, 
more subject to nonlinear distortion caused by slew rate 
limiting. This is normally not a problem with the slow 
signals associated with most process control transducers. 
The relationship between Ci and fco is shown in the 
Typical Performance Curves. 



FIGURE 10. Optional Filtering. 


APPLICATION CIRCUITS 



FIGURE 12. Bridge Input, Voltage Excitation. 



FIGURE 13. Bridge Input, Current Excitation. 



FIGURE 14. Thermocouple Input with RTD 
Cold Junction Compensation. 



FIGURE 15. Thermocouple Input with 

Diode Cold Junction Compensation. 
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FIGURE 16. Thermocouple Input with RTD 
Cold Junction Compensation. 



DETAILED ERROR ANALYSIS 

The ideal output current is 

io ideal = 4mA + K eiN (3) 

K is the span (gain) term, (0.016mA/ mV) + (40/ Rs) 

The nature of the XTR100 circuit is such that there are 
three major components of error 

do = error associated with the output stage, 
as = errors associated with span adjustment, 
ai = errors associated with input stage. 

The transfer function including these errors is 

Io actual = (4mA + ao) + K ( 1 .+ as)(ei N + ai) (4) 


When this expression is expanded, second order terms (as 
ai) dropped, and terms collected, the result is 

io actual = (4mA + ao) + K. eiN “Kai + Kas em (5) 


The error in the output current is io actual - io ideal and 
can be found by subtracting equations (5) and (3). 

io error = ao + Kcrs + K as em (6) 


This is a general error expression. The composition of 
each component of error depends on the circuitry inside 
the XTR100 and the particular circuit in which it is 
applied. The circuit of Figure 7 will be used to illustrate 
the principles. 


oo — Ios R . 
Ios D 


(7) 


: the output offset error current. 


EXAMPLE 3 

Given the circuit in Figure 7 with the XTR100B speci- 
fications and the following conditions: Rr = 109.40 at 
25°C, R t = 1 56.40 at 1 50°C, Io = 4mA at 25°C, I 0 = 20mA 
at 150°C, Rs - 123.30, R 4 = 1090, R L = 2500, Rline = 
1000, Vdi = 0.6V, Vps = 24V ±0.5%. Determine the % 
error at the upper and lower range values. 

A. At the lower range value (T = 25°C). 


ao = Ios RT() = ±4/uA 


a, = V os , + [Ibi AR + Ios, R 4 ]+- 

PSRR 

(ei + e2)/ 2 - 5 
CMRR 

AR = R t - R 4 = 109.4- 109 «0 

1 25°C 

AVcc - 24 x 0.005 ± 4mA (2500 + IOOO) + 0.6V 
= 120mV + 1 400m V + 600m V = 2120mV 
e, =(2mAx2.5kO)+ (1mA x 1090) = 5. 109V 
e 2 =(2mAx2.5kO)+ ( 1mA x 109.40) = 5. 1094V 
(e, + e 2 j/2 -5 — 0 
PSRR = 3.16 x lO^for 130dB 
CMRR = 31.6 x I0 3 for 90dB 

ai = 25/n V + ( 1 50n A x 0 + 30n A x 109H) 

2120 mV 0 

3.16 x 10 6 31.6 x10’ 


For the circuit of Figure 7, 


ai = Vosi + [Ibi Rt - Ib 2 R 4 ] + 


AVcc 

PSRR 


(e, + e 2 )/2-5V 

CMRR 


( 8 ) 


The term in brackets maybe written in terms of offset 
current and resistor mismatches as Ibi AR + Ios’ R 4 .- 


Vosi* = input offset voltage 
Ibi,* Ib2* = input bias current 
Iosi* “ input offset current 
AR = Rt - R 4 = mismatch in resistor 
AVcc = change supply voltage between pins 7 and 
8 away from 24V nomimal 
PSRR* = power supply rejection ratio 
CMRR* = common-mode rejection ratio 

as = cnonlin + espAN 
cnonlin* = span nonlinearity 

cspan* — span equation error. Untrimmed error 
= 3% max. May be trimmed to zero. 

*Items marked with an asterisk (*) can be found in the 
Electrical Specifications. 


= 25 m V + 3.27/zV + 0.067/uV + 0 (9) 

= 28.3juV 

as — Cnonlin + Cspan 

= 0.0001 + 0 (assumes trim of R s ) 
io error = ao + K ai + K as em 

40 40 

K = 0.016 + = 0.016 + ttt — = 0.341u 

Ks iZj.jLl 


Cin = e 2 -V 4 = Irefi Rt 25T - Iref 2 R4 
since Rr 2y . c = R 4 

eiN = (Irei i”Iref2) R 4 = 0.1/iAx 109H = 10.9/i V 

Since the maximum mismatch of the current references is 
0.01% of 1mA = 0. 1/uA 

io error =4 m A + (0.34u x 28.9 /jlW) + (0.341 x 0.0001) 
x 10.9/uV = 4/jlA + 9.85/u A + 0.0004^uA = 13.9 /liA 


% error = 


13,9juA 

4mA 


x 100% — 0.35% at lower range value. 


B. At the upper range value ( T = 150°C) 

AR = R t lsax , - R 4 = 156.4 - 109.4 = 470 
AVcc = 24 x 0.005 + 20mA (2500 + 1000) + 0.6 
= 7720m V 
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(10) 


e, -5.109V 

e 2 = (2mA x 2.5kfl) + ( 1 mA x 156.40) = 5. 156V 
(ei e 2 )/2-5V«0 

AR = -R, 150 . c + R 4 - 156.4 - 109 - 470 
oo = 4/uA 

o\ = 25/* V + (150nA x 470 + 30nA x 1090) 
7720m V 0 

_l — H - 

3. 16 x 10 6 31.6 x 10 3 

= 25/xV + 10.33/xV) + 0.25/* V FO - 35.58 /*V 
os — 0.000 1 

eiN = e 2 - V 4 = Irhfi Rt )5(rc - Irkf 2 R 4 

= 1mA x 156.40- 1mA 1090 
= 47mV. 


io frror — oo 3" Kffi+ K as x eiN 

- 4/*A + 0.34 lu x 39.9/xV + 0.341u x 
0.0001 x 47000/uV 
= 4 x 12.1 + 1.6= 17.7/xA 

% error = x 100% = 0.088% at upper 

range value or % of FS. 

CONCLUSIONS 

From equation (9) it is observed that the predominant 
error term is the input offset voltage (25>u V for the B 
grade). This is of little consequence in many applications. 
Vos r 1 1 can, however, be nulled using the pot shown in 
Figures 3 and 4. From equation (10), the predominant 
errors are Ios rti (4/x A), Vos rti (25/x V), and Ib ( 1 50n A). 


2-33 


Digitally Controlled 
Programmable Gain 
INSTRUMENTATION AMPLIFIER 


FEATURES 

• 11 BINARY GAINS - 1,2,4, 8, 16, 32, 

64, 128, 256, 512, 1024V/V 

• 4-BIT TTL GAIN CONTROL 

• EXCELLENT GAIN NONLINEARITY 

0.01% max at G = 1024V/V 

• LOW GAIN ERRORS - 0.02% max 

• LOW GAIN DRIFT -10ppm/°C max 


• LOW VOLTAGE DRIFT 

1/xV/°C max RTI, G = 1024V/V 

• HIGH CMR - IIOdB min,G = 1024V/V 

• HIGH INPUT IMPEDANCE- 10 x10 9 n 

•LOW OFFSET VOLTAGE 

22 M V max RTI, G = 1024V/V 
2m V max RTI, G = 1V/V 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRCORP - Telex: 66-6491 

PDS-388A 
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DESCRIPTION 


The 3606 is a self-contained, Programmable Gain 
Instrumentation Amplifier (PGIA) whose gain can be 
changed in 1 1 binary weighted steps from 1 to 1024V/ V. 
The gain control is accomplished through a 4-bit TTL 
input. 

The PGIA function allows the user to deal with wide 
dynamic range signals while maintaining high system 
resolution. For example: when used with a 10-bit A to D 
converter in a “floating point” system, the 2 10 gain range 
of the 3606, plus the 2 10 range of the converter produces a 
total system resolution of 2 20 (|| 1,000,000:1). 

Desirable characteristics of a high performance instru- 
mentation amplifier are offered by the 3606: high input 
impedance (10GO), excellent gain nonlinearity (0.01% 
max, G = 1024V/ V; 0.02% max, G = 1V/V), high 
common-mode rejection (lOOdB min, G^ 4V/V), low 
gain error (0.02% max with no trimming required), low 
gain temperature coefficient (10ppm/°C max), and low 
offset voltage drift vs temperature ( 1 /u V/°C max, RTI, G 
= 1024). 

Added to these outstanding instrumentation amplifier 
characteristics is the ability to change 3606 ’s gain under 
control of a 4-bit TTL input word. An important 
characteristic of the 3606 PGIA is its low change in offset 


plus laser trimming minimized this change to a maximum 
of ±25m V with no external adjustments. With two simple 
offset adjustments the change can be limited to less than 
2mV (lmV typ) at the output over the entire 1V/V to 
1024V/ V gain range. 

A simplified schematic of the 3606 is shown in Figure 1. 
The circuit consists of a variable gain high input imped- 
ance voltage follower input stage (A 1 and A2) followed 
by a unity gain difference amplifier (A3) with a variable 
gain output stage (A4). 

Common-mode voltage is derived for active guard drive 
to improve system common-mode rejection. Two-pole, 
low-pass filtering can easily be implemented on the 
output stage to reduce noise bandwidth and improve 
system signal-to-noise operation. A latch function is 
provided to inhibit gain changes while the digital gain 
control input is changed. 

Burr-Brown’s instrumentation grade monolithic opera- 
tional amplifiers, high stability precision thin-film resistor 
networks and advanced laser-trimming techniques are 
used by the 3606 to achieve a performance, size and cost 
combination never before achieved in a PGIA. It is 
available in a 32-pin dual-in-line package in either 
ceramic or metal (hermetic) configurations. 




FIGURE 1. Simplified Schematic. 
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SPECIFICATIONS 


ELECTRICAL 

Typical at +25°C, unless otherwise noted. 




3606A(7) 

3606B(7) 


PARAMETER 

CONDITIONS 


TYP 


MLZM. 

TYP 

MAX 

UNITS 

| GAIN, GO) | 

Inaccuracy 

G = 1 to 1024, lo = 1mA 


±0.02 

±0.05 


±0.01 

±0.02 

% 

Nonlinearity(2) 

G = 1 to 16 


0.001 

0.002 


* 

* 

%(5) 


G = 32 to 128 


0.003 

0.004 



* 

% 


G = 256 to 1024 


0.005 

0.01 


* 


% 

Drift vs Temperature 

G = 1 to 1024 


±5 

±10 


* 


ppm/°C 

vs Time 

G = 1 to 1024 


±0.01 





%/1000 hrs 

| RATED OUTPUT | 

Voltage 

lo = ±5mA 

±10 

±12 



* 


V 

Current 

Vo = ±10V 

±5 

±10 


* 

. * 


mA 

Impedance 



0.05 



* 


n 

| INPUT CHARACTERISTICS | 

Absolute Max Voltage 

No damage 



±Vcc 



* 

V 

Common-Mode Voltage Range 

Linear operation 

±10 

±10.5 


* 

* 


V 

Differential Impedance 



10||3 



* 


1090 II pF 

Common-Mode Impedance 



10||3 



* 


iosn || pF 

| OFFSET VOLTAGE, RTOO) | 

Initial at 25°C(4) 



±(0.02G 

±(0.04G 


±(0.01G 

±(0.02G 

mV 




+1) 

+2) 


+1 ) 

+2) 


vs Temperature 

-25° C to +85° C 


( ±0.001 5G 

(±0.003G 


(±0.0005G 

( ±0.001 G 

mV/°C 




±0.03G 2 ) 

±0.05G2) 


±0.01 G 2 ) 

±0.02G2) 


vs Time 



( ±0.001 G 



* 


mV/mo 




±0.01 G 2 ) 






vs Supply 



(±0.002G 



* 


mV/V 




±0.04G2) 






vs Gain(5) 

With trimming 


±1 

±2 


* 


mV 

| INPUT BIAS CURRENT | 

. Initial 

+25° C 


±15 

±50 


±5 

±20 

nA 

vs Temperature 

-25° C to +85° C 


±0.3 



* 


nA/°C 

vs Supply Voltage 



±0.1 



* ■ 


nA/V 

| INPUT DIFFERENCE CURRENT f 

Initial 

+25° C 


±15 

±50 


±5 

±20 

nA 

vs Temperature 

-25° C to +85° C 


±0.5 



* 


nA/°C 

vs Supply Voltage 



±0.1 



* 


nA/V 

| INPUT NOISE | 

Voltage 

Rsource < 5kn 








0.01Hz to 10Hz 

G = 1024 


1.4 



* 


mV, p-p 

10Hz to 1kHz 



1.0 



* 


mV, rms 

Current 









0.01Hz to 10Hz 



70 



* 


nA, p-p 

10Hz to 1kHz 



20 



* 


nA, rms 

| COMMON-MODE REJECTION | 

DC, IkH Source Imbalance 









G = 1,2 


80 

90 


90 

100 


dB 

G = 4 to 6 


90 

100 


100 

110 


dB 

G = 32 to 1024 


100 

114 


110 

114 


dB 

60Hz, IkH Source Imbalance 









G = 1, 2 


80 

86 


* . , 

* 


dB 

G =4 to 16 


90 

96 



* 


dB 

G = 32 to 1024 


100 

106 



* 


dB 

| DYNAMIC RESPONSE | 

±3dB Response 

Small Signal 







kHz 

G = 1 



100 



* 


kHz 

G= 32 to 128 



40 





kHz 

G = 256 to 1024 



10 



* 


kHz 

±1% Response 

Small Signal 








G = 1 



40 



* 


kHz 

G = 32 to 128 



8 





kHz 

G =256 to 1024 



3 





kHz 

Slew Rate 

G = 1 

0.2 

0.5 



* 


V/m sec 

Settling Time 

G = 128 








to1% 



75 



• * 


Msec 

to 0.1% 



100 



* 


Msec 

to 0.01% 



200 



* 


Msec 
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ELECTRICAL (CONT) 

Typical at +25°C, unless otherwise noted. 



‘Specifications same as 3606A. 


NOTES: 

1 . G = Gi x G 2 . 4. May be adjusted to zero. 

2. Nonlinearity is the maximum peak deviation from the best straightline 5. T rimmed according to Figure 8. 

as a percent of full scale peak-to-peak output. 6. All digital inputs are 1 TTL unit load. 

3. “RTO = Referred To Output. May be referred to input by dividing 7. Specify 3606AG or 3606BG for ceramic package and 3606AM or 

by gain G. 3606BM for metal package - see below. 



PIN DESIGNATIONS 


PIN NO. 

DESIG. 

FUNCTION 

PIN NO. 

DESIG. 

FUNCTION 

1 

-V 

-15V Analog Supply 

17 

Do 

Digital Input, LSB 

2 

-IN 

Inverting Input 

18 

Di 

Digital Input, next LSB 

3 

Jl 

Output of A 3 

19 

G 

Latch 

4 

(None) 

Optional A 4 Offset Trim 

20 


Digital Common 

5 

SJ 

Summing Junction of A 4 

21 

D 2 

Digital Input, next MSB 

6 

(None) 

Optional A 4 Offset Trim 

22 

d 3 

Digital Input, MSB 

7 

F 

Low-Pass Filter Pin 

23 

+5 

+5 Digital Supply 

8 

J2 

Input to A 4 

24 

(None) 

No Internal Connection 

9 

Ri 

Output Reference 

25 

(None) 

No Internal Connection 

10 

0 

Output 

26 

Gain 

Optional External Gain 

11 

Si 

Sense G = 1 

27 

Gain 

Optional External Gain 

12 

s 2 

Sense G = 4 

28 

(None) 

Input CMV 

13 

S 3 

Sense G = 2 

29 

+IN 

Noninverting Input 

14 

R2 

Output Reference 

30 

+V 

+15V Analog Supply 

15 

GND 

Analog Common 

31 

BALI 

Optional Input Stage 

16 

(None) 

No Internal Connection 

32 

BAL J 

Offset Null 
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Output Noise (mV, rms) 


TYPICAL PERFORMANCE CURVES 

Typical at +25°C unless otherwise noted. 


SMALL SIGNAL 
FREQUENCY RESPONSE 



COMMON-MODE REJECTION 
VS FREQUENCY 
G = 32 to 1024 I I 


120 |G^32 
G = 16 


COMMON-MODE REJECTION VS 
SOURCE RESISTNACE IMBALANCE 


Frequency (Hz) 

OUTPUT OFFSET VOLTAGE 
DRIFT VS GAIN 


Frequency (Hz) 

OUTPUTOFFSET VOLTAGE GAIN 


Source Resistance Imbalance (kfl) 
WARM-UP RESPONSE 


U 



16 64 256 1024 

Gain (V/V) 


16 64 256 1024 

Gain (V/V) 


0 5 10 15 

Time ( min) 


OUTPUT STAGE GAIN ERROR 
VS OUTPUT CURRENT 


OUTPUT STAGE GAIN NONLINEARITY 
VS OUTPUT CURRENT 











SETTLING TIME VS GAIN 


Rl = 2 kn 

Cl = lOOOpF 


INCLUDES GAIN 
SWITCHING TIME 


Output Current ( mAi 


Output Current ( mA) 


WIDEBAND 

OUTPUT NOISE VS GAIN 


OUTPUT NOISE BANDWIDTH 


STEP RESPONSE 


G = 1 024 


/ 


/ 

r Rs = 1MI1 

> 

r Rs 

,= 100kn 


Rs = 

iokn 


Rs = Ot 



Rl = 2kH 

Cl = lOOOpF 

1 

G = 256, 1000 

\L- 1 


r 

r G 2 = 1 

1 


/ 


\ 

L 


16 64 

256 1024 

10 

100 Ik 

10k 

0 

20 60 

Gain (V/V) 



Bandwidth (Hz) 



Time (/nsec 











INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Figure 2 shows the proper analog and digital power 
supply connections. The analog supplies should be 
decoupled with ljuF tantalum and lOOOpF ceramic 
capacitors as close to the amplifier as possible. Because 
the amplifier is direct-coupled it must have a ground 
return path for the bias currents associated with the 
amplifier inputs at pins 2 and 29. If the ground return 
path is not inherent in the signal source (floating source) 
it must be provided externally. The ground return 
resistance (Rgr) should be kept as low as practical. An 
upper limit of approximately 50MH is established by the 
input bias currents of the amplifier and its common- 
mode voltage. 



FIGURE 2. Power Supply and Ground Connections. 


SIGNAL CONNECTIONS 

Basic signal connections are shown in Figure 3. The 
connection to pin 14 completes the difference amplifier of 
A 3 (see Figure 1 ). The 3 to 8 jumper connects the output 
stage. The pin 9 connection provides a divide-by-two 
attenuator for the A 4 stage. This is necessary to limit the 
signal on the output stage switches to maintain signal 
linearity. The pin 11,12 and 13 connections to pin 10 
close the feedback loop around A4. 



CMRR(in V/ V)]. Common-mode voltage shown as Ecm 
is actually the average of the two voltages appearing at 
the two inputs (pins 29 and 2) with respect to pin 15 (Vi 
and V 2 ). 

GAIN SETTING 

Gain is determined by a 4-bit digital word applied to the 
input Do through D 3 (see Figure 1). Pin 19 provides a 
latch function for the inputs. When pin 19 is a logic 0, 
changes on the Do through D 3 inputs are inhibited. Pin 19 
should be at +5V if the latch is not used. 

A gain state truth table is shown in Table I. Gains are 
determined by the resistor networks shown in Figure 1 . 
For the state D 3 , D 2 = 0, 0, the input stage gain is a 
function of the gain setting resistor Rg connected between 
pins 26 and 27. If gains of 1, 2 and 4 are desired, no 
connection should be made to pins 26 and 27 and the 
resistance across these pins should be kept high with 
respect to 40kO (> 400MH). 

Gain accuracy is established by laser-trimming the thim- 
film resistor networks during assembly. No external, user 
trimming is required. 

OUTPUT OFFSET 

Output offset may be varied by either of two methods 
shown in Figure 4. Sources at pin 9 and pin 14 apply 
voltages to the noninverting inputs of A 4 and A 3 respect- 
ively (see Figure 1). Since the output stage gain occurs 
after these points, the output voltage bias established 
with Vri and V R2 will vary with the output gain, G 2 . 
Sources connected at pins 9 and 14 must have resistances 
low with respect to 10 kO in order not to disturb gain 
accuracy and common-mode rejection. 



FIGURE 4. Output Offsetting. 


LOW-PASS FILTER 

For low frequency signals, system performance may be 
improved by reducing noise bandwidth in the amplifier. 
This may be accomplished with the addition of one or 
two external capacitors as shown in Figure 5. C 2 is 
connected to a 10k/ 10k attenuator and Ci is connected as 
a feedback element across A4 (see Figures 1 and 5). The 
transfer function is: 

v» _r 10 x ip- nr ioxio' ~| 

ViN L 100x IO h S(C 2 + 330x IO' ,2 ) + 20x loJL 10 x 10 3 R. SC, + R J 


In the equation shown in Figure 3, Gi is the input stage 
gain and G 2 is the output stage gain. CMRR is the 
common-mode rejection ratio [CMR (in dB) = 20 log 
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TABLE I. Gain State Truth Table. 



Gi 

(A| and A?) 
(Pins 2 & 29 to 3) 

G 2 

(A 4 ) 

(Pin 8 to Pin 10) 

G, G; 

(R<i* = °°) 

G, • G: 

(Re* * 00 ) 

D, 

D; 

D, 

Do 

0 


0 

0 


1 



0 


0 

1 


2 



0 


1 

0 


4 



0 

0 

1 

1 


4 




■a 

mm 

El 


1 


4 


H 

H 

m 


2 


8 


H 

H 

O 


4 


16 


H 

H 

tfl 


4 


16 

1 

0 

0 

0 


1 

32 

32 

1 

0 

0 

1 


2 

64 

64 

1 

0 

1 

0 

jZ 

4 

128 

128 

1 

0 

1 

1 


4 

128 

128 

wmm 

mm 

mm 



1 

256 

256 

HI 

H 

H 



2 

512 

512 

HI 

H 

mm 


ZjO 

4 


1024 

Hi 

H 

H 

n 


4 

1024 

1024 


*Rg connected between pins 26 and 27. 

The first term is a first order filter. The second term is 
more complex. Ri varies with the output stage gain - 1 .4k 
for G 2 = 4 (see Figure 1). The “1 + ...” nature of the 
transfer function prevents a true first order filter rolloff. 
For most applications, the first order low-pass filter 
obtained by C 2 provides sufficient filtering. The value C 2 
required for a desired cutoff frequency (f 2 in Hz) is 
obtained by the equation shown in Figure 5. 



FIGURE 5. Low-Pass Filter Connections. 

LARGER OUTPUT CURRENT 

The output current rating of the 3606 is a minimum of 
±5mA. The linearity of the gain is affected by output 
current. See Typical Performance Curves. Optimum 
linearity is achieved with Io ^ 1mA, I 0 ^ 5mA is 
acceptable. Above 5mA it may be desirable to use a 
power or current booster as shown in Figure 6. Burr- 


FIGURE 6. Output Current Booster. 


Brown’s 3329 will provide ± 100mA output while Burr- 
Brown’s 3553 will supply ±200mA. When either booster 
is placed inside the feedback loop as shown, the booster’s 
offset voltage produces no significant errors since it is 
divided by the open-loop gain of the output stage. 

GUARD DRIVE CONNECTIONS 

Use of the guard drive connection shown in Figure 7 can 
improve system common-mode rejection when the dis- 
tributed capacitance of the input lines is significant. The 



common-mode voltage which appears on the input lines 
and on pins 29 and 2 is computed by the 3606 [(Vi + 
V 2 )/ 2] and appears at pin 28. It is then fed back to the 
shield so that the voltage across the distributed capac- 
itances is minimized. This reduces the common-mode 
current and improves common-mode rejection. The 
operational amplifier in the voltage follower configu- 
ration is used to supply more current than can be 
obtained from the 20k resistors connected internally to 
pin 28 (see Figure 1). 

OFFSET TRIM 

Offset voltages of the 3606 are reduced by laser-trimming 
during assembly. This reduces the initial offset voltage 
and the offset voltage change with gain change to levels 
that are acceptable for most applications. For more 
critical applications the offset voltages can be externally 
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APPLICATIONS 

A typical application of 3606 in a microcomputer based 
data acquisition system is shown in the block diagram 
below. 

The purpose of this system is to be able to acquire data 
from a specific analog input channel, suitably condition it 
(amplify it and convert it to digital form) and store it or 
transmit it for further processing. 

Initially the Microcomputer loads the RAM (random 
access memory) with the required coding for various 
desired gains via Data Bus. The coding associates the 
gain state truth table for 3606 with corresponding address 
locations in the computer memory. So when the computer 
puts out an instruction to multiplex a specific analog 
input channel through the multiplexer via the Address 
Bus, the RAM also receives the same address information 
and puts out corresponding gain code to the PGIA 3606. 
The 3606 amplifies the multiplexed signal by the pro- 
grammed gain value, and outputs it to S/ H (sample and 
hold). The S/ H holds the output value when it receives 
the control signal from the computer and the A/D 
converts it and outputs it to the computer via the Data 
Bus under computer control. 

The PGIA 3606 allows the system user to modify and 
reprogram gain values for different analog input channels 
merely by changing the software computer program. 
Since different dedicated instruments are not required for 
various input channels, the PGIA also saves space and 
overall system costs. 



FIGURE 9. Use of 3606 in Data Acquisition System. 


nulled to zero. The following steps should be followed 
(see Figure 8). 



FIGURE 8. Optional Offset Trim. 


1. Adjust both Ri and R: to mid-range. 

2. Set the gain to minimum (IV/ V). 

3. Adjust Ri to make Vout equal zero. 

4. Set the gain to maximum ( 1024V/ V). 

5. Adjust R 2 to make Vout equal zero. 

By using this technique, the change in output offset 
voltage caused by a gain change of 1V/V to 1024V/V 
may be reduced to, typically lmV instead of lOmV with 
no external trimming. Trimming may cause the offset 
voltage drift vs temperature to increase slightly. 
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BURR - BROWN ® 


3626 



Low Drift 

INSTRUMENTATION AMPLIFIER 


FEATURES 

• LOW VOLTAGE DRIFT @ LOW GAIN 

2|iV/°C @ G = 5 (3626CP) 

• LOW NOISE - 2|iV p-p 

• HIGH CMR->80dB@= 1000 

• LOW COST 

• SMALL SIZE - DIP Package 

DESCRIPTION 

The 3626 is an integrated circuit instrumentation 
amplifier designed for amplifying low-level signals in 
the presence of high common-mode voltages. Its low 
drift, high input impedance (5 x 10 9 O), easy gain 
adjustment (5V/V to 1000V/V) and high common- 
mode rejection eliminate the problems and 
compromises associated with using operational 
amplifiers to realize the same gain function. 
Compared to other integrated circuit 
instrumentation amplifiers it has the unique feature 
of having low voltage drift versus temperature at low 
gains. 

The 3626 offers many benefits to the user for his 
instrumentation applications: 

Low voltage drift reduces temperature errors 
High common-mode rejection preserves system 
accuracy 

High input impedance prevents errors due to 
source loading and source impedance imbalance 
Small, dual-in-line package conserves board space 
Laser-trimmed offset requires no nulling 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-350A 
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DISCUSSION 

An instrumentation amplifier is basically a closed-loop gain 
block that exhibits high input impedance and high common- 
mode rejection. Instrumentation amplifiers are committed 
devices with differential inputs and accurately predicatable 
input-to-output relationships — all necessary feedback net- 
works are contained in the circuit package. These character- 
istics distinguish instrumentation amps from operational 
amplifiers — open-loop devices whose closed-loop perform- 
ance depends upon the external networks supplied by the 
user. 

In instrumentation amps parameters such as input and out- 
put impedances, frequency response, offset voltage drift and 
common-mode rejection are specified for the closed-loop, 
committed configuration. One of the few parameters that 
the user can vary is gain (by choosing the external gain-set- 
ting resistor value). Another important difference between 
an op amp and instrumentation amp is that the instrumen- 
tation amp has no summing junction available; you cannot 
make a summing amplifier or integrator out of an instru- 
mentation amp. 

In the past few years, choices in instrumentation amplifier 
designs have grown from a number of discrete modular units 
to include monolithic and hybrid integrated circuit versions 
which offer high performance at lower cost — and in smaller 
packages. Monolithic IC’s were the first tq break the price 
and performance barrier. Hybrid IC’s, such as the 3626, are 
more expensive than monolithic IC’s but they give better 
performance for the money. 

Instrumentation amps normally require at least one external 
resistor — the gain-setting resistor Rq. Monolithic units 
usually require two additional — the output feedback resistor 
and a resistor between feedback common and ground. Since 
temperature coefficient differences between these two resis- 
tors will cause output offset voltage drift, they must be 
matched to meet the desired drift specification. Hybrid 
units, such as the 3626, have the advantage that all resistors 
except the gain-setting Rq can be included in the package. 



FIGURE 1. Simplified Circuit Diagram. 


A simplified circuit diagram of the 3626 is shown in Figure 
1 . The circuit uses Burr-Brown’s high performance bipolar 
integrated circuit amplifiers and a laser trimmed thin-film 
resistor network. The excellent initial matching and temper- 
ature tracking of these components provide a level of per- 
formance difficult to obtain with even expensive discrete 
amplifiers and resistors. The gain accuracy, linearity and 
temperature coefficient are particularly attractive. 

One of the most outstanding features of the 3626 is its low 
voltage drift, especially at low and medium gains. Figure 2 
shows the drift performance of the 3626 series comapred to 
monolithic integrated circuit instrumentation amplifiers. 
The guaranteed voltage drift performance is almost two 
orders of magnitude better at low gains. 



The design of the 3626 is such that output biasing is easily 
accomplished. See Figure 3 for proper connections. The 
impedance of the reference source should be low compared 
to 5kf2. A current booster such as the 3329 (100 mA) or 
3553 (200 mA) can conveniently be used with the 3626 to 
increase its output current driving capability. 



FIGURE 3. Output Offsetting and Power Boosting. 
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ELECTRICAL 


MODELS 

GAIN 

Gain Equation 

Error from Equation ^ 

Range of Gain, min 
Gain Temp. Coefficient : 

G = 5 
G = 10 
G = 100 
G = 1000 

( 2 ) 

Nonlinearity, max (%) 

OUTPUT 

Rated Output, min 
Output Impedance, G = 100 

INPUT ~ ~ 

Input Impedance, Diff. &, CM 
Input Voltage Range, min 
Differential 
Common-mode 
CMR, DC to 60Hz 
G = S, min 

G = 1 0 to 1000, min 

INPUT OFFSET VOLTAGE 

Initial Offset, max^ 1 ^ 
vs. Temperature, max 

vs. Supply 

vs. Time 

INPUT BIAS CURRENTS 

Initial Bias Current, max 
vs. Temperature, max 
vs. Supply 

INPUT NOISE ~ ' — 

Voltage, p-p, 0.01Hz— 10Hz 
RMS, 10Hz - 10kHz 
Current, p-p, 0.01Hz - 10Hz 
RMS, 10Hz - 10kHz 

DYNAMIC RESPONSE 

Small Signal, ±3dB Flatness: 

G = 5 
G = 10 
G = 100 
G = 1000 

Small Signal, ±1% Flatness; 

G = 5 
G = 10 
G = 100 
G = 1000 

Full Power, G = 5 - 100 
Slew Rate, G = 5 - 100 
Settling Time (0.1%): 

G = 5 
G = 10 
G = 100 

G = 1000 

POWER SUPPLY 

Rated Voltage 
Voltage Range 
Quiescent Supply Current 

TEMPERATURE RANGE 

Specifications, min 

Operation 

Storage 


SPECIFICATIONS 


Specifications typical at 25°C and ±15 VDC 
Power Supply, Unless Otherwise Noted. 


3626AP 1 3626BP 3626CP 


(±0.2 5 - 0.003G)% 

5 to 1000 

2ppm/°C 

25ppm/°C 

35pprn/°C 

50ppm/°C 

±(0.02 +0.0003G) |±(0.0 1 + 0.0003G)|±(0.01 +0.003G) 
±10V @ ±5mA 

2£2 

, 5 x 10 9 ft u 3 pF 

±10V 
±6 V 

with Ikft source unbalance 
68dB I 74dB I 74dB 

74dB 80dB 80dB 


±(0.4+M)mV ±(0.2 + H)mV ±(0.2+H)mV 

±(6+ig)MV/°C ±(3+_L) M V/°C ±(1 +l)gV/°C I 


±50nA (either input) 
±0.7nA/°C 

±0. InA/V 

2mV p-p 
2pV RMS 
1 50 pA p-p 

50 pA RMS 


±15 VDC 
±5 to ±20 VDC 
±6 mA, max 

-25°C to +85°C 
-55°C to +12 5°C 
-65°C to +150°C 


MECHANICAL 


20.3mm i 
( 0 . 80 ") ) 


TJU W 6.4 m nr 

pin 14 < 0 ' 25 " 


Row Spacing; 7.6mm (0.300") 

Weight: 3.4 grams (0.12 oz.) 

Connector: 0145MC (14-pin Dl P) 

Pin material and plating composition 
conform to Method 2003 (solderability) 
r of Ml L-STD-883 (except paragraph 3.2). 


Pin Connections 

Gain 8. Sense 

| No Internal 9. Out 

) Connection 10. + Vqq 

VQg 11. No Internal Connection 

V«c 12. Gain 

-V cc 13. -In 

Ref 14. +ln 


Connection Diagram 


A +Vcc 

- |N 

rz i 

SENSE 


362^S>-L^ 

out 



(1) May be trimmed to zero. 

(2) Nonlinearity is the maximum peak deviation from the best straightline as a percent of 
full scale peak-to-peak output. 


OFFSET 

TRIM 


FIGURE 4 
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TYPICAL PERFORMANCE CURVES 

(TYPICAL @ 25°C and +15 VDC POWER SUPPLIES UNLESS OTHERWISE NOTED) 


> 

LU 

o 

z 

< 

OC 

H 

D 

Q- 


INPUT RANGE FOR 



5 10 15 20 

SUPPLY VOLTAGE (VDC) 


CMR VS.SOURCE 
IMPEDANCE UNBALANCE 


tr 60 

o 


1 

zz 




G = 100, 

1000 




'G 

= 5 — 

^-G 

= 10 










f CI 


5 Hz 

| | 

1 




LZ 

tz 




Ik 3.2k 10k 32k 100k 
SOURCE IMPEDANCE UNBALANCED) 


COMMON-MODE REJECTION 
VS. FREQUENCY 



COMMON-MODE INPUT FREQUENCY (Nil 


RMS INPUT NOISE VOLTAGE 



* 10 100 Ik 10k 100k 1 M 

SOURCE RESISTANCE (S2) 


PEAK-TO-PEAK INPUT NOISE 
VOLTAGE VS.SOURCE RESISTANCE 



10 100 Ik 10k 100k 1 M 

SOURCE RESISTANCES) 


SATURATED OUTPUT VOLTAGE 



5 10 15 20 

OUTPUT CURRENT (mA) 



100 Ik 10k 100k 1 M 1 0M 
FREQUENCY (Hz) 



0 10 20 30 40 50 

TIME (jus) 


SUPPLY CURRENT 


VS. COMMON-MODE INPUT 



0 ±2 ±4 ±6 ±8 ±10 

COMMON-MODE VOLTAGE (V) 


INSTALLATION AND OPERATING INSTRUCTIONS 


SETTING THE GAIN 

Figure 3 shows the normal operating connections for the 
3626. The differential gain, G, is determined according to 
the equation ^ , 10kf2 

g=5 + t^ 

where R q is the resistor shown in Figure 4. This gain equa- 
tion is typically accurate to 0.25%. The temperature coef- 
ficient of Rq will directly affect the stability of G. For high 
gains, Rq will be quite small (Rq = 1012 for G = 1000); thus, 
the wiring impedance between pins 12 and 1 should be kept 
as low as possible. (Trimming of R^ will eliminate the ef- 
fects of wiring impedances so long as this impedance is 
constant.) Also, note that V re f source needs to be low im- 
pedance so as not to significantly affect the gain equation. 

CMR TRIM 

The 3626 meets its CMR specifications without additional 
trimming; however, for improved CMR in special situations 


(such as imbalanced source impedances), the circuit in Fig- 
ure 5 may be used. In this circuit, Rj is added to intention- 
ally imbalance the inverting and noninverting gains of the 
amplifier. R 2 is then used to rebalance them, which over- 
comes the effects of any residual CMR degradation due to 
source impedance imbalance, etc. An improvement of ap- 
proximately 6 to 10 dB can be typically realized at low gains. 
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3627 



High Accuracy Unity-Gain 


DIFFERENTIAL AMPLIFIER 


FEATURES 

• LOW COST 

• EASY TO USE 

• COMPLETELY SELF-CONTAINED 

• HIGH ACCURACY 

Gain Error, 0.005% 

Nonlinearity, 0.0005% 

CMR, 1 06dB 

• NO TRIMMING REQUIRED 

DESCRIPTION 

The 3627 is a high accuracy committed-gain 
differential amplifier. It consists of a high quality 
monolithic operation amplifier, a low drift thin-film 
resistor network and laser-trimmed offset circuitry - 
all inside a single integrated circuit package. 

The fact that the 3627 is completely self-contained in 
a TO-99 package has several user benefits: 

The total performance is guaranteed as a single 
component. 

No gain adjustments are required. 

No offset trimming is required. 

The whole circuit, including the gain setting 
resistors and offset trim circuitry, is protected by the 
environmentally rugged hermetically sealed 
package. 

The total amplifier function is very small in size 
(0. 108 square inches of area and 0.025 cubic inches 
of volume). 

The 3627 is offered in two grades: the 3627AM and 
the 3627BM. They differ only in common-mode 
rejection (94dB typ. vs 1 06dB typ.) and offset voltage 
drift (15 mV/°C typ. vs 10 mV/°C typ.). 

The 3627 offers excellent total performance with no 
fuss and a very-low total installed cost. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-364A 
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DISCUSSION 

The 3627 is a new and unique approach to a widely 
occurring problem-how to get excellent performance at a 
low cost in a unity gain differential amplifier circuit. Burr- 
Brown’s solution to this problem uses its wide range of 
integrated circuit expertise; a high quality monolithic 
amplifier, low drift high stability thin-film resistor 
network and state-of-the-art laser-trimming techniques. 
The result is a completely self-contained amplifier with 
total guaranteed 25°C accuracy of less than ±0.015% 
(gain error, nonlinearity, offsets and common-mode 
rejection). 

The simplicity of the unity gain differential amplifier 
circuit may be deceiving when one considers an error 
analysis. Consider, for example, gain and common-mode 
rejection errors. The gain is determined by the ratio of R 1 
and R2 and the ratio of R3 and R4. The common-mode 
rejection of the total circuit is a function of the CMR of 
the operational amplifier and the matching of the 
resistors R1 to R3 and R2 to R4. Even if the operational 
amplifier is perfect (infinite CMR), in order to guarantee 
lOOdB common-mode rejection would require resistor 
match of approximately 0.0005% (5ppm). 

This matching (and especially maintaining the match 
over temperature) can be difficult and expensive to 
achieve. Packaged matched and tracking resistor 
networks are available but they are fairly expensive 
compared to the cost of the complete 3627 amplifier. Of 
course, matching can be obtained by trimming or 
padding some of the resistors, but this is difficult to do 
since each resistor effects both gain accuracy and 
common-mode rejection simultaneously. Unless care is 


used in choosing the trimming sequence a frustrating 
iterative trimming process can be encountered. 

With the 3627 these problems no longer exist for the user. 
They are solved inside the package by Burr-Brown and 
the user has a completely self-contained plug-in-and-go 
amplifier to use. The excellent gain accuracy and 
common-mode rejection is obtained by using laser- 
trimming of a thin-film resistor network (R1 through 
R4). The outstanding gain and common-mode rejection 
temperature coefficients are a result of the excellent TCR 
tracking properties inherent in Burr-Brown’s thin-film 
resistor networks. 

The offset voltage is also laser-trimmed to a very low 
250yuV max value (100/uV typical). This low value of 
offset eliminates the need for external offset adjust 
potentiometers which reduces cost and improves 
reliability. 

The basic approach of the 3627 as a completely self- 
contained amplifier has several cost saving implications. 
It reduces design, purchasing and inventory cost. It 
reduces labor costs because the gain setting resistors do 
not require installation and adjustment. Also, no 
potentiometers are required. 
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ELECTRICAL SPECIFICATIONS 


Specifications typical at 25°C and ±15VDC power supply unless otherwise noticed. 


MODELS 

3627AM 

3627BM j 


Gain Equation 

G = 1 V/V" 

Gain Error 

±0.01%. max (±0.005% typ) 

Gain Nonlinearity'' 1 

±0.001%, max (±0.0005% typ) 

Gain Temp. Coefficient, max 

±0.0005%. "C (5ppm, "C) 

Gain Temp. Coefficient, typ 

±0.0002%/ "C (2ppm/“C) 

i i 

| OUTPUT 1 

Rated Output, min 

±I0V at ±5mA 

Rated Output, typ 

±I2V at ±!0mA 

Output Impedance 

o.oi n 

i 


Input Impedance 



Differential 

50kn 

Common-mode 

50kfi 

Input Voltage Range, Linear Operation 



Differential 

±I0V 

Common-mode 

±20V 

Common-mode Rejection, DC to 60Hz 



CMR, at 25’C 

90dB, min (94dB, typ) 

lOOdB, min (106dB, typ) 

CMR, -25 ’C to +85°C 

80dB, min (90dB, typ) 

86dB, min (94dB. typ) 

1 OFFSET AND NOISE ) 

Offset Voltage, RTO' 4 ”' 1 



at 25”C 

250/uV (IOOmV. typ) 

vs Temperature, /uV/'C 

30, max (15, typ) 

20, max (10, typ) 

vs Supply 

20 ftV/V 

vs Time 

20/xV/mo 

Noise Voltage, RTO (4l,M 



0.01 Hz to 10Hz 

2/uV, p-p 

10Hz to 100Hz 

I.5uV, rms 

\ 

1 DYNAMIC RESPONSE 1 

Small Signal, ±1% Flatness 

5kHz min (8kHz, typ) 

Small Signal, ±3dB Flatness 

0.8MHz min (1.2MHz, typ) 

Full Power Bandwidth 

14kHz min (18kHz, typ) 

Slew Rate 

0.6V/>s min (lV/>s, typ) 

Settling Time, 0. l%(±10mV) 

20/usec 

Settling Time, 0.01% (±lmV) 

50/zsec 

| POWER SUPPLY | 

Rated Voltage 

±!5VDC 

Voltage Range 

±5VDC to ±18VDC 

Quiescent Supply Current 

±2mA 

1 

1 TEMPERATURE RANGE 1 

Specifications, min 

-25°C to +85°C 

Operation 

-55°C to ±I25“C 

Storage 

C to +I50"C 

1 


1. Connected as unity-gain amplifier. Several other configurations ar possible. See the figures in Discussion 
and Typical Applications. 

2. Nonlinearity is the maximum peak deviation from the best straightline as a percent of full scale 
peak-to-peak output. 

3. With zero source impedance unbalance. 

4. Referred to output in unity-gain difference configuration. Note that this circuit has a gain of 2 for the 
operational amplifiers offset voltage and noise voltage. 

5. Includes effects of amplifiers’ input bias currents. 

6. Includes effects of amplifiers’ input current noise. 


MECHANICAL 




Leads in true position within .010" 
(.25mm) R (® MMC at seating plane. 


E9 



gw 

122291 

mm 


A 

.335 

.370 

8.51 

9.40 

B 

.305 

.335 

7.75 

8.51 

C 

.165 

.185 

4.19 

4.70 

D 

.016 

.021 

0.41 

0.53 

E 

.010 

.040 

0.25 

1.02 

F 

.010 

.040 

0.25 

1.02 

G 

.200 BASIC 

5.08 BASIC 

H 

.028 

.034 

0.71 

0.86 

J 

.029 

.045 

0.74 

1.14 

K 

.500 

— 

12.7 

— 

L 

.110 

.160 

2.79 

4i 06 

M 

45° BASIC 

45° BASIC 

N 

.095 | .105 

2.41 | 2.67 


Pin material and plating composition 
conform to method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2). 
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TYPICAL PERFORMANCE CURVES 

(Typical at 2 5°C and +15 VDC Power Supplies unless otherwise noted.) 


INPUT RANGE FOR 


GAIN ERROR 


LINEAR RESPONSE 



SUPPLY VOLTAGE (V) 


VS FREQUENCY 



STEP RESPONSE 



SMALL SIGNAL GAIN VS FREQUENCY 



1% 



3dB 

1 





J 





\ 





1 











1 






' 

L 






□ 


100 lk 10k 100k 1M 10M 

FREQUENCY (Hz) 



O 


COMMON-MODE REJECTION 



MAXIMUM OUTPUT VOLTAGE 
VS OUTPUT CURRENT 




TYPICAL APPLICATIONS 
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Low Drift 

INSTRUMENTATION AMPLIFIER 


FEATURES 

• VERY-LOW VOLTAGE DRIFT 

0.75pV/°C 

• HIGH CMR • 90dB ® 60Hz 

• LOW BIAS CURRENT - 20nA 

• LOW NOISE -1.2|iVp-p 

• SMALL SIZE - DIP Package 

DESCRIPTION 

Offering very-low voltage drift versus temperature 
even at low gains, the 3629 meets critical instru- 
mentation requirements when amplifying low level 
signals in the presence of high common-mode 
voltages. This precision integrated circuit 
instrumentation amplifier offers low bias current and 
high input impedance (10 10 n). A single resistor sets 
gain from 5V/V to 1000V/V. 

The 3629 exceeds the performance of other IC 
instrumentation amplifiers and offers many benefits 
for instrumentation applications: 

Low voltage drift to reduce temperature errors 
High common-mode rejection to preserve system 
accuracy 

High input impedance to minimize errors caused 
by source loading and source impedance 
imbalance 

Small, dual-in-line plastic or hermetically sealed 
metal package to conserve board space 
Laser-trimmed offset to eliminate nulling 
Use the 3629 to eliminate problems and compromises 
that arise when attempting to use operational 
amplifiers to achieve the same gain function. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-383 
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DISCUSSION 


Instrumentation amplifiers are closed loop gain blocks 
whose committed circuitry accurately amplifies the 
voltage applied to their inputs. They respond only to the 
difference between the two input signals and exhibit 
extremely high input impedance, both differentially and 
common-mode. Feedback networks are packaged within 
the amplifier module. Only one external gain setting 
resistor must be added. An operational amplifier, on the 
other hand, is an open loop, uncommitted device that 
requires external networks to close the loop. While op 
amps can be used to achieve the same basic function as 
instrumentation amplifiers, it is difficult to reach the 
same level of performance. Using op amps often leads to 
design trade-offs when it is necessary to amplify low-level 
signals in the presence of common-mode voltages while 
maintaining high input impedances. 

Figure 1 represents a simplified circuit diagram of the 
3629. The circuit employs high performance bipolar IC 
amps and a laser trimmed thin-film resistor network. 



The 3629 offers excellent performance. Its low voltage 
drift reduces temperature errors, especially at low and 
medium gains. Figure 2 illustrates the drift performance 
of the 3629 compared with competitive monolithic IC 
instrumentation amplifiers. Note that the drift does not 
increase at lower gains. Compare the 3629’s input offset 
voltage drift vs temp at 1.75 mV/°C with monolithic IC 
instrumentation amps in the range of 100;uV/ o C. 



Because of its design, output biasing of the 3629 is easily 
accomplished. See Figure 3 for connections. The 
impedance of the reference source should be low 
compared to 1 OkO. Figure 3 also shows a current booster, 
such as Burr-Brown’s 3329 (100mA) or 3553 (200mA), 
used with the 3629 to increase its output current driving 
capability while retaining its 5-1000 V/V gain 
characteristics. If power boosting is not required, connect 
pin 8 to pin 9. 




FIGURE 3. Output Biasing and Power Boosting. 
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DESIGN VERSATILITY 

The 3629 offers additional application versatility. Its 
matched pair of amplifiers can be used as two 
independent, uncommitted op amps with a laser trimmed 
thin-film network present in one package. 

When amplification must be extended to gains below 5, a 
3629 used with a unity gain instrumentation amplifier 
(Burr-Brown’s 3627) is recommended. This connection is 
shown in Figure 4. 

DESIGN ALTERNATIVES 

To amplify signals in the presence of common-mode 
voltages and noise while maintaining high input 
impedance, you can: 1 ) design and build an op amp circuit 
with a differential input configuration; 2) design and 
build an instrumentation amplifier made up of multiple 
op amps or; 3) purchase a ready-to-install, committed 
instrumentation amplifier. Only the third option provides 
an immediate solution with the elimination of in-house 
design, assembly and tuning steps. The growing range of 
lower cost, high quality IC instrumentation amps 
available has answered the build or buy question. 



Amplifier. 


MECHANICAL 


3629AP, 3629BP, 3629CP 
Weight: 2.9 grams (0.10 oz.) 



3629AM. 3629BM. 3629CM. 3629SM 
Weight: 3.9 grams (0.13 oz.) 

4.8mm 
12.6mm , (0.19") 


i 22.0mm J i 12.6mm , 

. 4 . m " (0.87") | <0.50")^ 

i £ Z 1 

“ii in nr 


2.5mm 

( 0 . 1 ") 


Pin 14^ 




rnrT 

0.46mm - H I- 
(0.018") 


o o o o o o 


,0 0 0 0 0 0 0 - 


I 


7.6mm 

(0.30") 


Connector: 0145MC (14-pin DIP) 

Pin material and plating composition 
conform to method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2) 


FIGURE 5. Mechanical Specifications 



FIGURE 6. Connection Diagram 
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ELECTRICAL SPECIFICATIONS 


Specifications typical at 25"C with ±15VDC power supply unless otherwise noted. 


GAIN 

Range of Gain 
Gain Equation 
Error From Equation, DC 
Gain Temp. Coefficient 
G = 5 


G = 1000 
Nonlinearity, DC 


RATED OUTPUT 

Voltage 

Current 

Output Impedance G = 100 


INPUT OFFSET VOLTAGE 

Initial Offset at 25”C 
vs. Temp, 
vs. Supply 
vs. Time 


INPUT BIAS CURRENT 

Initial Bias Current (each input) 
vs. Temp, 
vs. Supply 

Initial Offset Current 
vs. Temp. 


INPUT VOLTAGE RANGE 

Differential 

Common-mode 

CMR w/ IkD Source Imbalar 
DC, G = 5 
, G = 10 

, G = 100 to 1000 
60 Hz All Gains 


INPUT NOISE 

Voltage, p-p, 0.01 Hz - 10Hz 
rms, 10Hz - 1.0 kHz 
Current, p-p, 0.01 Hz - 10Hz 
rms, 10Hz - 1.0kHz 


DYNAMIC RESPONSE 

Small Signal, ±3dB Flatness, 
G = 5 
G = 10 
G = 100 
G = 1000 

Small Signal, ±1% Flatness, 


G = 100 
G = 1000 

Full Power, G = 5 - 100 
Slew Rate, G = 5 - 100 
Settling Time (0.1%) 

G = 5 
G = 100 
G = 1000 

Settling Time (.01%) 


POWER SUPPLY 

Rated Voltage 
Voltage Range 
Current, Quiescent 



* Specifications same as for 3629AP/ AM. (I) See Typical Performance Curves. (2) -55°C to +125°C for 3629SM 
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INSTALLATION AND 

OPERATING INSTRUCTIONS 

\ 


OFFSET voltage adjustment 

Initial offset of the 3629 is trimmed to a very low value 
during production. In most applications further nulling 
will not be required. If it is necessary to null offset to the 
lowest possible value, a low cost single turn 
potentiometer can be connected between pins 4 and 5 as 
shown in Figure 6. Drift changes 0.33/zV j°C for each 
100/zV of offset voltage nulled. Due to second order 
effects, the point of minimum offset drift does not occur 
at the point of zero offset voltage in approximately 25% 


of the cases. In these instances nulling the offset voltage 
may cause a slight increase in voltage drift. 

A following stage should be used if large system offsets 
must be nulled. This method results in the lowest possible 
drift. In the circuit shown in Figure 7, the offset 
component of Vout due to Vi is V 1 R 2 /R 1 . Resistors Ri 
through R 4 are selected to provide system scaling and to 
make the offset component of Vout due to V 2 cancel the 
component of Vout due to Vi. 
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APPLICATIONS 

TRANSDUCER APPLICATION 

A bridge transducer. Figure 9, with a 0 to 0.1 V output 
requires amplification to interface with a 0 to 10V range 
system. The bridge introduces a 1000 source imbalance 
and 0.25V of 60Hz noise is present on the ground return. 
Operating temperature range is 10°C to 50°C. 

Absolute gain and offset errors can be trimmed to zero. 
The remaining error sources are tabulated in Table II as a 
% of Full Scale. 


The 3629 Instrumentation Amplifier is, therefore, 
capable of 1/2LSB resolution in a 12 bit system over a 
1 0°C to 50°C range and will produce 8 bit accuracy over 
the full temperature range. 




Absolute Error 

Resolution Error | 

Max 

Typ 

Max 

Typ 

Gain Nonlinearity 

0.004% 

0.002% 

0.004% 

0.002% 

CM R 

0.008% 

0.0063% 

0.008% 

0.0063% 

Noise 





0.1 to 100Hz 

0.0012% 

0.0012% 

0.0012% 

0.0012% 

Voltage Offset Drift 

0.032% 

0.020% 



Offset Current Drift 

0.0048% 

0.0024% 



Gain Drift 

0.20% 

0.08% 



TOTAL 

0.230% 

0.1119% 

0.0132% 

0.0095% 


TABLE II. Transducer Application Error Analysis. 



FIGURE 7. Multi-stage Amplifier For Offset Null and 
High Frequency Filtering. 

NOISE 


The 3629 offers very low noise at low and mid- 
frequencies. See specifications and performance curves. 
At frequencies above 100kHz, noise increases and may 
cause errors if the following circuitry responds to higher 
frequencies. When high frequency noise must be reduced, 
a low pass filter should be installed in a stage following 
the 3629. Figures 7 and 8 illustrate two high frequency 
filtering approaches. 



FIGURE 8. High Frequency Filter For Single Stage 
Amplifier. 
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3630 



Very High Accuracy 
INSTRUMENTATION AMPLIFIER 


FEATURES 

• ULTRA LOW VOLTAGE DRIFT - 0.25uV/°C 

• LOW BIAS CURRENT - 20nA 

• LOW NOISE - 1.2uV p-p 

• HIGH INPUT IMPEDANCE - 10 x 10 9 n 

• HIGH CMR - 106dB @ 60Hz 

• LOW OFFSET VOLTAGE - 25pV 

• LOW NONLINEARITY - 0.002% 

DESCRIPTION 

The 3630 is a high accuracy, multi-stage, integrated State-of-the-art laser-trimming techniques are used 

circuit instrumentation amplifier designed for signal for reduction of offset voltage, offset voltage drift 

conditioning requirements where very high versus temperature, and for maximizing common- 

performance is desired. mode rejection. 

A multi-stage design is used to provide excellent In addition to providing an outstanding set of 
specifications and maximum versatility at reasonable specifications, the 3630 offers convenience and ease 
cost. The input stage uses Purr-Brown’s ultra-low of use in providing the following features: single 
drift low noise monolithic operational amplifiers to capacitor active low pass filtering; easy output 
provide outstanding input characteristics. biasing (zero suppression and elevation); common- 

All resistors are on a single network of Nichrome mode voltage generation for active guard drive; 

deposited on silicon. This provides high initial conveniently increased output current capability, 

accuracy low TCR (temperature coefficient of The unit is packaged in an 18-pin metal hermetic 

resistance) and TCR matching, and outstanding dual-in-line package which provides shielding, ease 

stability as a function of time. of installation, and environmental ruggedness. 


APPLICATIONS 

• AMPLIFICATION OF SIGNALS 
FROM SOURCES SUCH AS; 

Strain Gages 

Thermocouples 

RTDs 

• REMOTE TRANSDUCERS 

• LOW LEVEL SIGNALS 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-396 
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DISCUSSION 


INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are closed loop gain blocks 
whose committed circuitry accurately amplifies the 
voltage applied to their inputs. They respond only to the 
difference between the two input signals and exhibit 
extremely high input impedance, both differentially and 
common-mode. Feedback networks are packaged within 
the amplifier module. Only one external gain setting 
resistor must be added. An operational amplifier, on the 
other hand, is an open loop, uncommitted device that 
requires external networks to close the loop. While op 
amps can be used to achieve the same basic function as 
instrumentation amplifiers, it is difficult to reach the 
same level of performance. Using op amps often leads to 
design trade-offs when it is necessary to amplify low-level 
signals in the presence of common-mode voltages while 
maintaining high input impedances. 

THE 3630 

A simplified schematic of the 3630 is shown in Figure I . It 
is a three-stage device which provides all the desirable 
characteristics of a premium performance 
instrumentation amplifier. In addition, it has features not 
normally found on integrated circuit instrumentation 
amplifiers. 

The input stage (A1 and A2) consists of two of Burr- 
Brown’s premium grade high accuracy bipolar 
operational amplifiers. They are connected in the 
noninverting configuration to provide the high input 
impedance (10 x 10 9 O) desirable in the instrumentation 


amplifier function. The inherent low offset voltage and 
low offset voltage drift versus temperature of these 
amplifiers is improved even further by the state-of-the-art 
laser-trimming techniques. 

The second stage (A3) consists of a high quality 
operational amplifier connected in a unity gain difference 
amplifier configuration. A critical part of this stage is the 
matching of the four 1 Ok ohm resistors which provide the 
difference function. These resistors must be initially 
well matched and the matching must be maintained over 
temperature and time in order to maintain excellent 
common-mode rejection. (The 106dB minimum at 60Hz 
for gains greater than 100V/V is a significant 
improvement compared to most other integrated circuit 
instrumentation amplifiers.) 

All of the resistors shown in Figure 1 are part of a single 
thin-film network of Nichrome deposited on a passivated 
silicon substrate. The critical resistors are laser-trimmed 
to provide the desired high gain accuracy and common- 
mode rejection. The single network approach provides 
the excellent TCR (temperature coefficient of resistance) 
and TCR tracking desirable to provide gain accuracy and 
common-mode rejection when the 3630 is operated over 
wide temperature ranges. 

The third stage (A4) of the 3630 adds a great deal of 
versatility and convenience to the amplifier. Its use allows 
easy implementation of active low pass filtering, output 
offsetting, and additional gain generation. The pin 
connections make the use of this stage optional but the 
effects are included in electrical specifications. 
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USING THE 3630 

Figure 2 shows the simplest configuration of the 3630. 
The gain is set by the external resistor Rg with a gain 
equation G = 1 + 40k/ R G . A low TCR resistor should be 
used for Rg since it contributes directly to the gain 
accuracy. 

Pins 1, 5, 14 and 18 are accessible so that a four terminal 
connection can be made to Rg (Pins 1 and 18 are the 
voltage sense terminals since no signal current flows into 
the operational amplifiers’ inputs.) This may be useful at 
high gains where the value of R c becomes small. 

The optional offset null capability is shown in Figure 4. 
The adjustment affects only the input stage component of 
the offset voltage. Thus, the null condition will be 
disturbed when the gain is changed. Also, the input drift 
will be effected by approximately 0.33juV/°C per 100 /zV 
of input offset voltage nulled. 

Output offsetting (“zero suppression” or “zero 
elevation”) may be more easily accomplished with the 
3630 than with most other IC instrumentation amplifiers. 


+Vcc 



FIGURE 2. Basic Connections 

Figure 5 shows how this is done. The use of the 
noninverting input of the output stage means that CMR 
of the second stage is not disturbed and that any 
convenient value of variable resistor can be used. 

The output stage also allows active low pass filtering to be 
implemented conveniently with a single capacitor. The 
effect this filtering has on noise reduction can be seen in 
the Typical Performance Curves. 

The input stage contains extra resistors for the 
computation of input common-mode voltage. Figure 7 
shows how this voltage, available at pin 4, can be used to 
drive the shield of the input cable. Since the cable is driven 
at the common-mode voltage the effects of distributed 
capacitance is reduced and the AC system common-mode 
rejection may be improved. Amplifier A1 is a buffer to 
supply larger currents than can be supplied by the 20kO 
resistors internally connected to pin 4. 


Figure 8 shows how the output stage may be used to 
provide additional gain. If gains greater than 1000V/V 
are desired it is better to obtain them from the output 
stage than the input stage due to the low values of Rg 
required (Rg < 40H for (1 + 40k/ Rg) > 1000). 


MECHANICAL 



Pin material and plating composition conform to Method 2003 
(solderability) of Mil-Std-883 (except paragraph 3.2). 


FIGURE 3. Mechanical Specifications 


PIN DESIGNATIONS 

1. Gain Sense 

2. Inverting Input 

3. Negative Supply 

4. Common-mode Voltage Sense 

5. Gain 

6 . Ground 

7. Reference 

8 . Output of A 3 

9. Input to A 4 

10. Output 

1 1 . Sense 

12. Summing Junction of A 4 

13. Positive Supply 

14. Gain 

15. Offset Trim 

16. Offset Trim 

17. Noninverting Input 

18. Gain Sense 
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ELECTRICAL SPECIFICATIONS 

Specifications typical at 25°C with ±15VDC power supply and in circuit of Figure 2 unless otherwise noted. 


3630BM, 3630SM 


GAIN 

Range of Gain 
Gain Equation 
Error From Equation, DC 

Gain Temp. Coefficient"' 
G = 1 
G = 10 
G = 100 
G = 1000 
Nonlinearity, DC 


RATED OUTPUT 

Voltage 

Current 

Output Impedance 


INPUT OFFSET VOLTAGE 

Initial Offset at 25°C {2) 
vs. Temperature 
vs. Supply 
vs. Time 


INPUT BIAS CURRENT 

Initial Bias Current (each input) 
vs. Temperature 
vs. Supply 

Initial Offset Current 
vs. Temperature 


INPUT IMPEDANCE 

Differential 

Common-mode 


INPUT VOLTAGE RANGE 

Range, Linear Response 
CMR w/ Ikfl Source Imbal. 
DC to 60Hz, G = 1 
DC to 60Hz, G = 10 
DC to 60Hz, G = lOOto 1000 


INPUT NOISE 

Voltage, p-p, 0.01Hz - 10Hz 
rms, 10Hz - 1.0kHz 
Current, p-p, 0.01 Hz - 10Hz 
rms, 10Hz - 1.0kHz 


DYNAMIC RESPONSE 

Small Signal, ±3dB Flatness, 
G = 1 
G = 10 
G = 100 
G = 1000 

Small Signal, ±1% Flatness, 
G = 1 
G = 10 
G = 100 
G = 1000 

Full Power, G = 1 - 100 

Slew Rate, G = 1 - 100 

Settling Time (0.1%) 

G = 1 
G = 100 
G = 1000 

Settling Time (.01%) 

G = 5 
G = 100 
G = 1000 


POWER SUPPLY 

Rated Voltage 
Voltage Range 
Current, Quiescent 


TEMPERATURE RANGE 

Specification 0 ’ 

Operation 

Storage 


3630CM 

min | typ | max 

♦ 


* 


(±0.02 

±0.00005G) 

(±0.05 

±0.000IG) 


♦ 

♦ 


* 

* 


* 

* 


* 

* 


±(0.001 
+4 x I0‘ 6 G) 

±(0.002 
+ 10°G) 




NOTES: 

1. With Rg TCR = 0 ppm/°C 2. Trimmable to zero at any one gain. 

"■Specifications same as for 3630AM 


3. -55°C to +125°C for 3630SM. 
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SETTLING TIME ( M sec) CHANGE IN INPUT OFFSET VOLTAGE ( M V) GAIN (dB) ^ GAIN NONLINEARITY (% p-p FS) 


TYPICAL PERFORMANCE CURVES 

At 25°C and in circuit of Figure 2 unless otherwise noted. 




GAIN (V/V) 

GAIN NONLINEARITY VS GAIN 


SOURCE RESISTANCE IMBALANCE (k ft) 
CMR VS SOURCE IMBLANCE 


I io 

GAIN (V/V) 

OUTPUT OFFSET DRIFT VS GAIN 



|G = 100, 1000 I 

G = 10 


G = 1 




1 

Balanced 

Source 

1 




10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

GAIN VS FREQUENCY 


10 100 lk 

FREQUENCY (Hz) 
CMR VS FREQUENCY 



100 lk I 0k 

FREQUENCY (Hz) 

GAIN ERROR VS FREQUENCY 



0 12 3 

TIME (Minutes) 
WARM-UP DRIFT VS TIME 




0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (Volts) 
QUIESCENT CURRENT VS SUPPLY 


50 150 250 350 

TIME 

STEP RESPONSE 





Rs=10kn I a- £ 
Rs = 0 I 5 ^ 


GAIN (V/V) 

SETTLING TIME VS GAIN 


10 100 1000 
GAIN (V/V) 

OUTPUT NOISE VS GAIN 


FREQUENCY (Hz) 

OUTPUT NOISE VS 3dB FREQUENCY 


OUTPUT NOISE VOLTAGE (mV p-p) 
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ISOLATION AMPLIFIERS 



WHAT IS AN ISOLATION AMPLIFIER? 

An isolation amplifier is a device with the primary function of providing 
ohmic isolation (break the ohmic continuity of electrical signal) between the 
input signal/circuitry and the output of the amplifiers. It usually consists of 
an input operational amplifier or instrumentation amplifier followed by a 
unity-gain isolation stage. The sole purpose of the unity-gain isolation stage 
is to completely isolate the input from the output of the device. Ideally, the 
ohmic continuity of the input signal is broken (at the isolation barrier) yet 
accurate signal transfer without any attenuation is achieved across the 
unity-gain isolation stage. An important feature of an isolation amplifier is 
that it has a completely floating input which helps eliminate cumbersome 
connections to source ground in several applications. 

Figures 1 and 2 show typical isolation amplifier applications. The isolation- 
mode voltage Vjso is the voltage which exists across the isolation barrier. The 
contribution of the output referred error caused by Vjsois (Vj S o/IMRR) xGain 
where IMRR is the Isolation Mode Rejection Ratio. V S ig is the differential 
input signal and V C m is the common-mode voltage. The “Leakage Current” is 
the current which flows across the isolation barrier with some specified 
isolation voltage applied between the input and the output. 


CHARACTERISTICS OF 
ISOLATION AMPLIFIERS 

The following is a discussion of some of the characteristics and terms unique 
to isolation amplifiers. 

Common-mode Voltage and Isolation Voltage - Some manufacturers (other 
than Burr-Brown) treat common-mode voltage and isolation voltages 
synonymously in describing the use and/or specifications of isolation 
amplifiers. It is important to understand the significance of these terms and 
the difference between them. 

When the input common is grounded, the input signal Vd (see Figure 1 ) can 
be floated by the amount V C m above the input ground. V C m is the common- 
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mode voltage (CMVj and is generally ±10V, limited by the CMV rating of the 
input stage amplifier. In applications involving higher systems common- 
mode voltages, input common terminal is not grounded and the common- 
mode voltages are referenced across the isolation barrier to the output 
common terminal. 



FIGURE 1. Typical Isolation Amplifier, Current FIGURE 2. Typical Isolation Amplifier, Voltage 

(Input) Mode. (Input) Mode. 


The isolation voltage Viso as shown in Figure 1 is the potential difference 
between the input common and the output common terminals. The isolation 
voltage rating describes the amount of voltage that the isolation barrier can 
withstand without breakdown. This feature of the isolation amplifier allows 
two distinct ground connections to be made when necessary. It allows the 
isolation amplifier to be used in applications involving very-high common- 
mode voltages and in applications of breaking ground loops. 

Many applications involve a large “system common-mode voltage.” In such 
applications, the isolation amplifier’s input common terminal is not con- 
nected to any ground but the output common terminal is connected to the 
system ground. In such a case, the term V C m shown in Figures 1 and 2 
becomes negligible and Viso determines the safe limit for the system 
common-mode voltage. In this manner, the isolation amplifier can accom- 
modate common-mode voltages of 2000V or more. 

Common-mode Rejection and Isolation Rejection - Isolation-mode rejection 
(IMR) isanotherterm which someothermanufacturers referto as common- 
mode rejection (CMR). The above discussion on the common-mode voltage 
and isolation voltage helps recognize the difference between CMR and the 
IMR. The CMR is the measure of the input stage amplifier’s ability to reject 
common-mode input signals (common-mode with reference to the output 
common) while transmitting the differential signal across the isolation 
barrier. The isolation-mode rejection ratio (IMRR) isdefined bythe equation 
shown in Figures 1 and 2. Thus, understanding the IMR capability of 
isolation amplifiers allows their meaningful use in applications requiring 
very high common-mode rejection ratios such as lOOdB to 140dB. 

Isolation Voltage Ratings, Test Voltage - It is important to understand the 
significance of the continuous derated isolation voltage specification and its 
relationship to the actual test voltage applied to the unit. Since a “contin- 
uous” test is impractical in a product manufacturing situation (implies 
infinite test duration) it is generally accepted practice to perform a pro- 
duction test at a higher voltage (higher than the continuous rating) for some 
shorter length of time. 
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The important consideration is then “what is the relationship between actual 
test conditions and the continuous derated minimum specification?” There 
are several rules of thumb used throughout the industry to establish this 
relationship. For most isolation amplifiers, Burr-Brown has chosen a very 
conservative one: Vtest = (2 x Vcontinuous rating) + 1000V. This relationship is 
appropriate for conditions where the system transient voltages are not well 
defined.* Where the real voltages are well defined or where the isolation 
voltage is not continuous the user may chose to use a less conservative 
derating to establish a specification from the test voltage. 


APPLICATIONS OF ISOLATION AMPLIFIERS 


When one or more of the following conditions/requirements are present in 
an application, an isolation amplifier would generally be the right choice as a 
signal conditioning device: 

• When ohmic isolation between the signal source and the output is a 
requirement (isolation impedance between the input and the output > 
10MO). 

• When excellent common-mode noise and voltage rejection is a require- 
ment (CMR > lOOdB). 

• When it is necessary to process signals in the presence of, or riding on, 
high common-mode voltages (CMV > 10V). 

In general, most applications can be broadly categorized into the following 
four types: 

• Amplifying and measuring low level signals in the presence of high 
common-mode voltages. 

• Breaking ground loops and/or eliminating source ground connections. 
The isolation amplifier provides full floating input, eliminating the need 
for connections to source ground, and thus allows two-wire hook-up to 
the signal sources. 

• Providing an interface between medical patient monitoring equipment 
and the transducer/devices which may be in physical contact with the 
patients. Such applications require high isolation voltage levels and very- 
low leakage currents. 

• Providing isolation protection to electronic instruments/equipment. 
Large common-mode voltages occasionally cause hazardous electronic 
faults. Low leakage currents and high isolation voltage capability of 
isolation amplifiers help protect instruments against damage caused by 
such faults. 

Isolation amplifier performance requirements vary significantly, depending 
on the type of requirement. In applications where bandwidth and speed of 
response are more important than gain accuracy and linearity, the optically- 
coupled amplifiers will be the best choice. For applications where gain 
accuracy and linearity are key parameters, Burr-Brown’s family of trans- 
former-coupled amplifiers are the suitable choice. 


*Reference National Electrical Manufacturers Association (NEMA) Standards Parts 
ICS 1-109 and ICS 1-111. 
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SELECTION GUIDE 
Isolation Amplifiers 


| TRANSFORMER COUPLED AMPLIFIERS | 

Description 

Model 

Isolation 

Voltage 

Isolation 

Mode 

Rejection, min 

Leakage 
Current 
at T est 
Voltage 
+>A 

Isolation 

Impedance 

Gain 

Nonlinearity 

Input 

Offset 

Volt. Drift 

i ±mV/°C 

max 

Bias 

Current 

max 

±3dB 

Freq. 

kHz 

External 

Isolation 

Power 

Required 

Temp. 
Ranged i 

Package 

Price $ 

Page 

Contin- 

uous 

iVipeak 

Pulse/ 

Test 

iVipeak 

DC 

dB' 

60Hz 

dB 

max. 

% 

typ. 

% 

n 

pF 

Unit 

100's 

Low Drift(2) 

3450 

±500 

±2000 

160 

120 

1 

1012 

16 

±0.005 

±0.0015 

1 + (100/Gi ) 

50nA 

1.5 

No 

Com 

Module 

229.50 

149.00 

3-19 

Low Bias 

3491 

±500 

±2000 

160 

120 

1 

1012 

16 

±0.025 

±0.005 

50+ ( 100/Gi > 

25pA 

2.5 

No 

Com 

Module 

121.50 

88.00 

3-19 

FET 

3452 

±2000 

±5000 

160 

120 

■ 1 

1012 

16 

±0.025 

±0.005 

5 + (100/Gi ) 

20pA 

2.5 

No<4> 

Com 

Module 

162.50 

117.50 

3-19 


3455 

(3) 

(3) 

160 

120 

(3) 

1012 

16 

±0.025 

±0.005 

5 + (100/Gi i 

20pA 

2.5 

NoH) 

Com 

Module 

172.50 

127.50 

1-19 

True 3-wire 

3456A 

±2000 

±5000 

160 

130 

25 

1012 

14 

±0.02 

±0.01 

2 + (150/Gi i 

50nA 

2.5 

No 

Com 

Module 

148.00 

117.25 

3-26 

Inst. Amp 

3456B 

±2000 

±5000 

160 

130 

25 

1012 

14 

±0.08 

±0.03 

1 + (75/Gi i 

50nA 

2.5 

No 

Com 

Module 

168.50 

133.65 

3-26 

Highest 

3656AG 

±3500 

±8000 

160 

125 

0.5 

1012 

6 

±0.1 

±0.03 

25+ (500/Git 

lOOnA 

30 

No 

Ind 

DIP 

82.25 

55.10 

3-40 

Isolation 

3656BG 

±3500 

±8000 

160 

125 

0.5 

1012 

6 

±0.05 

±0.03 

5 + (350/Git 

lOOnA 

30 

No 

Ind 

DIP 

101.60 

74.15 

3-40 

Voltage 

3656HG 

±3500 

±8000 

160 

125 

0.5 

1012 

6 

±0.15 

±0.03 

200+ (1000/Gn 

lOOnA 

30 

No 

Com 

DIP 

72.60 

48.65 

3-40 


3656JG 

±3500 

±8000 

160 

125 

0.5 

1012 

6 

±0.1 

±0.03 

50 + (750/Gi i 

lOOnA 

30 

No 

Com 

DIP 

77.40 

51.90 

3-40 


3656KG 

±3500 

±8000 

160 

125 

0.5 

1012 

6 

±0.1 

±0.03 

10 + (350/Gi i 

lOOnA 

30 

No 

1 

Com 

DIP 

95.15 

63.75 
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1 OPTICALLY COUPLED AMPLIFIERS | 

Description 

Model 

Isolation 

Voltage 

Isolation 

Mode 

Rejection, min 

Leakage 
Current 
at Test 
Voltage 
ImAi 

Isolation 

Impedance 

Gain 

Nonlinearity 

Input 

Offset 

Volt. Drift 

i±mV/°C 

max 

Bias 

Current 

max 

±3dB 

Freq 

kHz 

External 

Isolation 

Power 

Required 

Temp 

Ranged) 

Package 

Price '$ 

Page 

Contin- 

uous 

(Vipeak 

Pulse/ 

Test 

(Vtpeak 

DC 

idBt 

60Hz 

(dB) 

max 

i%i 

typ 

i%i 

n 

pF 

Unit 

100's 

Balanced 

3650HG 

±2000 

±5000 

140 

120 

0.25(51 

1012 

1.8 

±0.2 

±0.05 

25 + (900/G 1 

10nA 

15 

Yes(6i 

Ind 

DIP 

51 00 

30.60 

3-32 

Current 

3650JG 

±2000 

±5000 

140 

120 

0.25(51 

1012 

1.8 

±0.1 

±0.03 

10+i 450/G ) 

10nA 

15 

Yes(6) 

Ind 

DIP 

66.30 

42.30 

3-32 

Input 

3650KG 

±2000 

±5000 

140 

120 

0.25(5) 

1012 

1.8 

±0 05 

±0.02 

5 + ( 300/G 1 

10nA 

15 

Yes(6) 

Ind 

DIP 

80.60 

59.00 

3-32 


3650MG 

±2000 

±5000 

140 

120 

0.25(5) 

1012 

1.8 

±0.2 

±0 05 

100+ (900/G 1 

10nA 

15 

Yes(6i 

Ind 

DIP 

44.90 

29.10 

3-32 

Balanced 

3652HG 

±2000 

±5000 

140 

120 

0.25(5) 

1012 

1.8 

±0.2 

±0.05 

50 + (900/G 1 

50nA 

15 

Yes(6i 

Ind 

DIP 

66.30 

42.30 

3-32 

FET Input 

3652 JG 

±2000 

±5000 

140 

120 

0.25(5) 

1012 

1.8 

±0.1 

±0.05 

25+ (450/G 1 

50nA 

15 

Yesiei 

Ind 

DIP 

80.60 

58 00 

3-32 


3652MG 

±2000 

±5000 

140 

120 

0.25(5) 

1012 

18 

±0.2 

±0.05 

100+ (900/Gi 

50nA 

15 

Yesiei 

Ind 

DIP 

52.00 

38.80 

3-32 

Miniature 

ISO100AP 

750 

1000 

5pA/V 

400 

0.3 

1012 

2,5 

0.4 

„ 

5+ i5/Gi 

1 0nA(7) 

60 

Yes 

Ind 

DIP 

(9) 
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Isolation 

ISO100BP 

750 

1000 

typ.(8) 

pA/V 

0.3 

1012 

2.5 

0.07 

- 

2 + (2/G 1 

1 0n A(7) 

60 

Yes 

Ind 

DIP 

(9) 
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Amplifier 

IS0100CP 

750 

1000 


typ.(8) 

0.3 

1012 

2i5 

0.03 

“ 

1 + 1I/G1 

10nA 

60 

Yes 

Ind 

DIP 

(9) 

" 
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NOTES: 1 ) Com = 0°C to +70°C; Ind - -25°C to +85°C. 2) Bipolar. 3) Isolation voltage tested at 2500V, rms, 60Hz; leakage current tested for 2/uA max at 240V, 
rms, 60Hz. 4 ) ±1 5V at ±1 5mA isolated power available to power external circuitry. 5 ) At 240V/60Hz. 6 ) Models 722 or 724. 7 ) For ISOIOO val ues shown are los. 8 ) See 
product data sheet for detailed discussion. 9) Advance Information, subject to change, contact Burr-Brown for price and delivery. 
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GLOSSARY OF TERMS & DEFINITIONS 
Isolation Amplifiers 


ISOLATION AMPLIFIER 

A device which provides ohmic isolation (breaks ohmic 
continuity of an electric signal) between the input and the 
output of the device. Method of coupling may be 
thermal, magnetic, optical, or any means other than 
direct ohmic coupling. Such a device allows the input 
circuit to be referenced separately and independent of the 
output circuitry. 

ISOLATION BARRIER 

A barrier or region between the input and the output 
stage of an isolation amplifier, where signal transfer is 
achieved between the input and the output. 

ISOLATION IMPEDANCE 

The effective impedance between the input common 
terminal and the output common terminal. It is the 
impedance of the isolation barrier. (It is usually specified 
as a typical parameter. Leakage current is related to 
isolation impedance and is usually specified with .a 
maximum limit.) 

ISOLATION-MODE REJECTION (IMR) 

The IMR is the measure of an isolation amplifier’s 
ability to reject common-mode input signals (common- 
mode with reference to the output common), while 


transmitting the differential signal across the isolation 
barrier. It is the voltage or current that must be applied 
to the input to force the output to zero when Vi S0 is 
present. 

For voltage input mode: 

IMRR = Vo< "° rlso/G with V 0 = 0 

* iso 

For current input mode: 

Io error ISO . , ,, _ 

1MRR = — — with Vo = 0 (Io = 0) 

ISOLATION VOLTAGE 

The potential difference between the input stage common 
and output stage common terminals of an isolation 
amplifier. 

ISOLATION VOLTAGE RATING 

The amount of voltage that can be impressed between the 
input common and the output common terminals (across 
the isolation barrier) without resulting in breakdown. 

LEAKAGE CURRENT 

The current that flows between the input common 
terminal and the output common terminal (across the 
isolation barrier) with a specified voltage applied across 
it. (It is usually 100% tested and specified with a 
maximum limit.) 
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BURR -BROWN 



ISOIOO 


ADVANCE INFORMATION 
Subject to Change 


Miniature 

Low Drift - Wide Bandwidth 
ISOLATION AMPLIFIER 


FEATURES 

• EASY TO USE, SIMILAR TO AN OP AMP 

VqUt/I|N = r F> Current Input 
v 0UT /v IN = r F /r IN* Voltage Input 

• KEY PARAMETERS TESTED AT 1000V 

• ULTRA-LOW LEAKAGE, 0.3 M A, max, at 240V/60Hz 

• WIDE BANDWIDTH, 60kHz 

• LOW COST 

• 18-PIN DIP PACKAGE 

DESCRIPTION 

The ISOIOO is a miniature low cost optically-coupled 
isolation amplifier. High accuracy, linearity, and 
time-temperature stability are achieved by coupling 
light from an LED back to the input (negative 
feedback) as well as forward to the output. Optical 
components are carefully matched and the amplifier 
is actively laser-trimmed to assure excellent tracking 
and low offset errors. 

The circuit acts as a current-to-voltage converter 
with a minimum of 750V (2500V test) between input 
and output terminals. It also effectively breaks the 
galvanic connection between input and output 
commons as indicated by the ultra-low 60Hz leakage 
current of 0.3/uA at 240V. Voltage input operation is 
easily achieved by using one external resistor. 

Versatility along with outstanding DC and AC 
performance provide excellent solutions to a variety 
of challenging isolation problems. For example, the 
ISOIOO is capable of operating in many modes, 
including: noninverting (unipolar and bipolar) and 
inverting (unipolar and bipolar) configurations. Two 
precision current sources are provided to accomplish 
bipolar operation. Since these are not required for 
unipolar operation, they are available for external 
use (see Applications section). 


APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

Transducer sensing 
(thermocouple, RTD, pressure bridges) 
4mA to 20mA loops 
Motor and SCR control 
Ground loop elimination 

• BIOMEDICAL MEASUREMENTS 

• TEST EQUIPMENT 

• DATA ACQUISITION 


Designs using the ISOIOO are easily accomplished 
with relatively few external components. Since Vout 
of the ISOIOO is simply IinRout, gains can be 
changed by altering One resistor value. In addition, 
the ISOIOO has sufficient bandwidth (DC to 60kHz) 
to amplify most industrial and test equipment signals. 



V C C +V CC INPUT 

COMMON COMMON 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25° C and ±Vcc = 15VDC unless otherwise noted. 


PARAMETER 

CONDITIONS 

Voltage Rated Continuous, DC 

Test, ParametricC) 

Test, Breakdown 

Rejection^) DC 

AC 

Resistance || Capacitance 

Leakage Current 

lOsec 

Rin =10kfi, Gain = 100 
60Hz, 480V, Rf = 1MH 

Rin = 10kn, Gain = 100 

240V, rms, 60Hz 



OFFSET VOLTAGE (RTI) 


Input Stage (Vosi) 

Initial Offset! i) 
vs Temperature 
vs Input Power SuppliesO) 
vs Time 

Output Stage (Voso) 

Initial OffsetO) 
vs Temperature 
vs Output Power SuppliesO) 
vs Time 

Common-Mode Rejection Ratio(2) 

Common-Mode Range 


REFERENCE CURRENT SOURCES 


Magnitude 
Nominal 
vs Temperature 
vs Power Supplies 
Matching 
Nominal 
vs Temperature 
vs Power Supplies 
Compliance Voltage 
Output Resistance 


FREQUENCY RESPONSE 


60Hz, Rf = 1MH 
Rin = lOkfi, Gain = 100 




200 

mV 


2 

M v/° C 


* 

dB 

* 


M V/kHr 


200 

mV 


2 

m v/° c 



dB 

* 


M V/kHr 

* 


nA/V 



dB 



V 



Small Signal Bandwidth 

Gain = 1V/^A 

Full Power Bandwidth 

Slew RateO) 

Gain = 1V/ M A, Vo = ±10V 

Settling Time 

0.1% 


TEMPERATURE RANGE 


Specification 

Operating 

Storage 


UNIPOLAR OPERATION 


GENERAL PARAMETERS 

Input Current Range 





Linear Operation 


-20 


-0.02 

Without Damage 


-1 


+1 

Input Impedance 

Output Voltage Swing 

Rl = 2kfi, Rf = 1MH 

-10 

0.1 

0 

Output Impedance 

DC 


1200 


GAIN 

Initial Error (AdjustableTo Zero)C) 

Vo = Rf (Iin) 


2 

5 

vs Temperature 



0.03 

0.06 

vs Time 



0.05 


Nonlinearity(i)(3) 



0.1 

0.4 

CURRENT NOISE 

0.01Hz to 10Hz 

10Hz 

Iin = 0.2/xA 


20 

1 


100Hz 



0.7 


1kHz 



0.65 


INPUT OFFSET CURRENT (l QS ) 

Initial Offset 



1 

10 

vs Temperature 



0.01 

0.05 

vs Power Supplies 



0.1 


vs Time 



100 
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ELECTRICAL (CONT) 

At Ta = -t-25°C and ±Vcc = 15VDC unless otherwise noted 


PARAMETER 

CONDITIONS 

ISOIOOAP 

ISOIOOBP 

ISOIOOCP 

UNITS 



E 2 S 1 


mi 





POWER SUPPLIES 












Input Stage 












Voltage (rated performance) 



±15 








V 

Voltage (derated performance) 




±18 







V 

Supply Current 

I|N = -0.02mA 


±1.1 

±2 







mA 


1 IN = -20/uA 


±8, -1.1 

+13, -2 







mA 

Output Stage 












Voltage (rated performance) 



±15 








V 

Voltage (derated performance: 




±18 







V 

Supply Current 

o 

II 

£ 


±1.1 

±2 







mA 

Short Circuit Current LimitO) 




±40 







mA 


BIPOLAR OPERATION 


GENERAL PARAMETERS 

Input Current Range 

Linear Operation 

Without Damage 

Input Impedance 

Output Voltage Swing 

Output Impedance 

Rl = 2kn, Rf = IMfi 

-10 

-i 

-10 

0.1 

1200 

+10 

+1 

+10 







MA 

mA 

it 

mA 

4 n 

GAIN 

Vo = Rf ( Iin ) 











Initial Error ( Adj ustable T o Zero )( i ) 



2 

5 


i 

2 


i 

2 

% of FS 

vs Temperature 



0.03 

0.06 


0.01 

0.04 


0.005 

0.03 

%/°C 

vs Time 



0.05 








%/kHr 

Nonlinearity(i)(3) 




0.4 


0.03 

0.1 


0.02 


% 

CURRENT NOISE 

Iin = 0.2/uA 



■ 


■ 






0.01Hz to 10Hz 



wBM 








nA, p-p 

10Hz 



MB 


jUjHK 

IBB 

BIS 




pA/v^Tlz 

100Hz 


9 



B 




^B 


pA/x/lHz 

1kHz 



■9 


■ 

mm 





pA/n/Hz 

INPUT OFFSET CURRENT ( los, bipol 

ar)W 











Initial OffsetO) 



40 

200 


20 

70 


10 

35 

nA 

vs Temperature 




3 



1.3 



0.8 

nA/°C 

vs Power Supplies 




0.7 







nAA/ 

vs Time 



250 



* 





pA/kHr 

POWER SUPPLIES 









■8B 

bb 


Input Stage 












Voltage (rated performance) 



±15 


■k 



B : 

ms 

bb 

V 

Voltage (derated performance) 


±7 


±18 







V 

Supply Current 

Iin = +10mA 


+2, -1.1 

+3,-2 




B 



mA 


Iin = -10mA 


+8, -1.1 

+13,-2 



B v 



s K 

mA 

Output Stage 





m 



9b 

B 



Voltage (rated performance) 



±15 



B 




B 

V 

Voltage (derated performance) 


±7 


±18 


fl 

B1 




V 

Supply Current 

O 

ii 

s 


±1.1 

±2 



B 

iB9 

B 


mA 

Short Circuit Current LimitO) 




±40 

B 

1 

mm 

■ 

■ 

■ 

mA 


Same as ISOIOOAP. 

NOTES: 

1 . These parameters are tested during the 1000V stress test. 

2. See Theory of Operation section for definitions. For dB see Ex. 2, CM and HV errors. 

3. Nonlinearity is the peak deviation from a “best fit” straight line expressed as a percent of full scale output. 

4. Bipolar offset current includes effects of reference current mismatch and unipolar offset current. 


MECHANICAL 



PIN CONFIGURATION 


BOTTOM VIEW 



B NC* 

+VCCA2 
VOUT 
-VccA2 

BAL 
J0 BAL 

1 © Rf 

“ ref 2 

OUTPUT COMMON 


*NO INTERNAL CONNECTION 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltages 

±18V 

Isolation Voltage 

2500V 

Input Current 

±1mA 

Storage Temperature Range 

-55° C to +1 00° C 

Lead Temperature (soldering 10 seconds) 

+300° C 

Output Short-circuit Duration 

Continuous to ground 


TYPICAL PERFORMANCE CURVES 

(Ta = +25°C, ±Vcc = 15VDC unless otherwise noted) 

SMALL SIGNAL 



OUTPUT SWING - BIPOLAR 


-20 ^ 






OUTP 

STAG 

POWE 

JT 


>±12V 

ER / L 


±10V 


jT 


±7 V 




S J 

j Vo 

= ( 1 2/xA )( 

L 

Rf) 

L 


Frequency (kHz) 


1M 

Rf iH> 


BIPOLAR INPUT STAGE 
SUPPLY CURRENT VS INPUT CURRENT 



0 +10 L20 

I IN (mAi 


PHASE SHIFT VS FREQUENCY 


UNIPOLAR INPUT STAGE 







- No Cf 



Cf = 4pF 

jC 



v 





10 100 
Frequency ( kHz) 



ISOLATION LEAKAGE CURRENT 
VS ISOLATION VOLTAGE 


CONTINUOUS DC ISOLATION 


AC ISOLATION 






■h 

Vt . 



^ 1 


1 2 
Isolation Voltage (kV) 


a, 1000 


10? ° 


S c 750 


> ^ 250 


0 

-25 



Temperature (°C) 


Temperature (°C i 



1.5 


RATE OF GAIN ERROR SHIFT 
VS ISOLATION VOLTAGE 


3.0 


GAIN ERROR VS TEMPERATURE 
AND ISOLATION VOLTAGE 



Isolation Voltage (VDC) 



NOTES: 

Vt and Tt approximate the threshold 
for the indicated gain shift. This is 
caused by the properties of the 
optical cavity. 

Tt - +65° C, Vt » 200V DC. Shift does 
not occur for AC voltages. 

Vim = Isolation-mode Voltage 
Vt = Threshold Voltage 
Tt = Threshold Temperature 


THEORY OF OPERATION 

The ISO 100 is fundamentally a unity gain current 
amplifier intended to transfer small signals between 
electrical circuits separated by high voltages or different 
references. In most applications an output voltage is 
obtained by passing the output current through the 
feedback resistor (Rf). 

The ISO 100 uses a single light emitting diode (LED) and 
a pair of photodiode detectors, coupled together, to 
isolate the output signal from the input. 

Figure 1 shows a simplified diagram of the amplifier. 
Irhfi and Iref 2 are required only for bipolar operation, to 
generate a midscale reference. The LED and photodiodes 
(D1 and D2) are arranged such that the same amount of 
light falls on each photodiode. Thus, the currents 
generated by the diodes match very closely. As a result, 
the transfer function depends upon optical match, rather 
than absolute performance. Laser-trimming of the 
components improves matching and enhances accuracy, 
while negative feedback improves linearity. Negative 
feedback around A1 occurs through the optical path 
formed by the LED and Dl. The signal is transferred 
across the isolation barrier by the matched light path to 
D2. 



FIGURE 1. Simplified Block Diagram of the ISO100. 


The overall ISO amplifier is noninverting (a positive 
going input produces a positive going output). 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

UNIPOLAR OPERATION 

In Figure 1, assume a current, Iin, flows out of the 
I SO 1 00 ( Iin must be negative in unipolar operation). This 
causes the voltage at pin 15 to decrease. Because the 
amplifier is inverting, the output of A1 increases, driving 
current through the LED. As the LED light output 
increases, Dl responds by generating an increasing 
current. The current increases until the sum of the 
currents in and out of the input node (-Input to Ai) is 
zero. At that point the negative feedback through Dl has 
stabilized the loop, and the current Im equals the input 
current plus the bias current. As a result no bias current 
flows in the source. Since Dl and D2 are matched (Idi = 
Id2), Iin is replicated at the output via D2. Thus, Al 
functions as a unity-gain current amplifier, and A2 is a 
current-to-voltage converter, as described below. 
Current produced by D2 must either flow into A2 or Rf. 
Since A2 is designed for low bias current («* 1 On A) almost 
all of the current flows through Rf to the output. The 
output voltage then becomes; 

Vo = (Id 2 ) Rf = (Im iilos) Rf ^ -(-Iin) Rf = IinRf, (1) 
where, Ios is the difference between Al and A2 bias 
currents. For input voltage operation Iin can be replaced 
by a voltage source (Vin) and series resistor (Rin) since 
the summing node of the op amp is essentially at ground. 
Thus, Iin = Vin/ Rin. 

Unipolar operation does have some constraints, however. 
In this mode the input current must be negative so as to 
produce a positive output voltage from Al to turn the 
LED on. A current more negative than 20nA is necessary 
to keep the LED turned on and the loop stabilized. When 
this condition is not met the output may be indeterminant. 
Many sensors generate unidirectional signals, e.g., 
photoconductive and photodiode devices, as well as some 
applications of thermocouples. However, other appli- 
cations do require bipolar operation of the ISO 100. 


3-10 










BIPOLAR OPERATION 

To activate the bipolar mode, reference currents as 
shown in Figure 1 , are attached to the input nodes of the 
op amps. The input stage stabilizes just as it did in 
unipolar operation. Assuming Iin = 0, the photodiode 
has to supply all the Irefi current. Again, due to 
symmetry, Im = I 02 . Since the two references are 
matched, the current generated by D2 will equal Irefz. 
This results in no current flow in Rf, and the output 
voltage will be zero. When Iin either adds or substracts 
current from the input node, the current D 1 will adjust to 
satisfy Im = Iin + Irkfi . Because Irkfi equals Irefz and lm 
equals Id2, a current equal to Iin will flow in Rf. The 
output voltage is then Vo = Iin Rf. The range of allowable 
Iin is limited. Positive Iin can be as large as Irefi ( 10.5/uA, 
min). At this point, D1 supplies no current and the loop 
opens. Negative Iin can be as large as that generated by 
D1 with maximum LED output (recommended 10/uA, 
max). 

DC ERRORS 


Errors in the ISO 100 take the form of offset currents and 
voltages plus their drifts with temperature. These are 
shown in Figure 2. 



FIGURE 2. Circuit Model for DC Errors in the ISO 100. 


A1 and A2: 
Voso and Vqsi: 


Ios: 


I ref and Iref2« 


lm and lp 2 : 


are assumed to be ideal amplifiers, 
are the input offset voltages of the output 
and input stage, respectively. Voso 
appears directly at the output, but, V OS i 
appears at the output as 


see equation (2). 

is the offset current. This is the current at 
the input necessary to make the output 
zero. It is equal to the combined effect of 
the difference between the bias currents 
of A 1 and A2 and the matching errors in 
the optical components, in the unipolar 
mode. 

are the reference currents that, when 
connected to the inputs, enable bipolar 
operation. The two currents are trim- 
med, in the bipolar mode, to minimize 
the Ios bipolar error. 

are the currents generated by each photo- 
diode in response to the light from the 
LED. 


Ac: is the gain error. 

Ac = | Ideal gain/ Actual gain | -1 
The output then becomes: 

Vim + Vnc, 

Von = Rk[( — -lRHr±l 0 s)(l+A.)+l R EF2]±V„so 


The total input referred offset voltage of the ISO 100 can 
be simplified by assuming that A e = 0 and Vin = 0: 
±Vosi 

Voin ~ Rf [ — — — ±Ios ±AIref ] it Voso (3) 

Rin 

where, AIref = Irefi - Iref2. 

This voltage is then referred back to the input by dividing 
by Rf/ Rin. 

Letting AIref - Ios =: los bipolar^ 

Vos (RTi) = ( ±V os.) ±Rin(Ios bipolar ) + Voso/ ( Rf/ Rin) (4) 
Example 1:( Refer to Figure 2 and Electrical Specifi- 
cations Table) 

Given: Rin = 100kfl, Rf = I MO (gain = 10), 

Vosi = +200 M V. 

I OS bipolar = +35nA, Voso = +200 M V 
Find: The total offset voltage error referred to the 

input and output when Vin = 0V 
Vos tOtal RTI = ±V()sI ±RlN (Ios bipolar), 
it Voso (Rf / Rin) 

= +200/2 V+ lOOkO (35nA) 
+200 mV/( 1M(V lOOkH) 

= 0.2mV + 3.5mV + 0.02mV 
= 3.72mV 

Vos total RTO = Vos total RTI x RF/RIN 
= 3.72mV x 10 
= 37.2mV 

(Note: This error is dominated by Ios bipolar) 


COMMON-MODE AND HIGH VOLTAGE ERRORS 

Figure 3 shows a model of the ISO 100 that can be used to 
analyze common-mode and high voltage behavior. 
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Definitions of CMR and IMR 

I os is defined as the input current required to make the 
ISOlOO’s output zero. CMRR and IMRR in the ISOIOO 
are expressed as conductances. CMRR defines the 
relationship between a change in the applied common- 
mode voltage (Vcm) and the change in los required to 
maintain the amplifier’s output at zero: 

CMRR (I-mode) = AI os /AV C m in nA/V (5) 

CMRR (V-mode) =(" =- Y i ' - kk — inV/ V (6) 

LAVcmJ A Vcm 


IMRR defines the relationship between a change in the 
applied isolation mode voltage (Vim) and the change in 
los required to maintain the amplifier’s output at zero: 


IMRR (1-mode) - 


IMRR (V-mode) = 


Alp 

AV ( 

A3 

AV 


■ in pA/ V 


[ Alps ] 

LAV.mJ 


Rin - 


AV, 


(7) 

( 8 ) 


AV,: 


in V/V 


CMRR & IMRR in V/V are a function of R IN . 

Vim is the voltage between input common and output 
common. 

Vcm is the common-mode voltage (noise that is present 
on both input lines, typically 60Hz). 

V hrr is the equivalent error signal, applied in series with 
the input voltage, which produces an output error 
identical to that produced by application of Vcm 
and Vim. 

CMRR and IMRR are the common-mode and isolation- 
mode rejection ratios, respectively. 


TOTAL CAPACITANCE (C, and C 2 ) is distributed 
along the isolation barrier. Most of the capacitance is 
coupled to low impedance or noncritical nodes and 
affects only the leakage current. Only a small capacitance 
(C 2 ) couples to the input of the second stage, and 
contributes to IMRR. 


Example 2: Refer to Figure 3 and Electrical 
Specification Table) 

Given: Vcm = 1 V A c peak at 60Hz, V 1M = 200V DC, 

CMRR = 3nA/ V, IMRR = 5pA/ V, 

Rin — lOOkH, R, = 1 MO 
(Gain = 10) 

Find: The error voltage referred to the input and 

output when Vir = 0V 
Verr rti == (Vcm)(CMRR)(Rin) + (Vim) 
(IMRR)(R, n ) 

= 1 V (3nA/ V) ( lOOkH) + 200V 
(5pA/ V)( 100kfl) 

= 0.3mV + 0. 1 mV 
= 0.4mV 

Verr rto = V,rr rti (R, / Rin) 

= 0.4mV ( 10) 

=4mV (with DC IMRR) 

(Note: This error is dominated by the CMRR 
term) 

For purposes of comparing CMRR and IMRR directly 
with dB specifications, the following calculations can be 
performed: 


CMRRinV/V=CMRR(I-mode)(Ri N )=3nA/V(100k)=Q3mV/V 


CMR = 20 LOG (0.3mV/ V) = -70dB at 60 Hz 
IMRR in V/V = 

IMRR (I-mode)(R, N ) = 5pA/ V (100k) = 0.5/uV/V 
IMR = 20 LOG (0.5 x 10' 6 V/ V) = -I26dB at DC 


Example 3: 

In Example 2, Vim is an AC signal at 60Hz and 


IMRR = 


400pA 

V 


Verr rti — V,RR CM + Verr im 

= 0.3mV + 200V (400pA/ V)( lOOkH) 
= 83mV 


Verr rto =83mV (with AC IMRR) 

Example 4: 

Given: Total error RTO from Examples 1 and 3 as 


Find: 


120.2mV (with AC IMRR) 

Percent error of + 10V full scale output 


% Error =- 


. total 


x 100 


Vfs 

120. 2mV 
10V 


x 100 


- 1.2% 


NOISE ERRORS 

Noise errors in the unipolar mode are due primarily to 
the optical cavity. When the full 60kHz bandwidth is not 
needed, the output noise of the ISOIOO can be limited by 
either a capacitor, C,, in the feedback loop or by a 
low-pass filter following the output. This is shown in 
Figure 4. Noise in the bipolar mode is due primarily to the 
reference current sources, and can be reduced by the 
low-pass filters shown in Figure 5. 



FIGURE 4. Two Circuit Techniques for Reducing 
Noise in the Unipolar Mode. 



FIGURE 5. Circuit Technique for Reducing Noise from 
The Current Sources in the Bipolar-Mode. 
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OPTIONAL ADJUSTMENTS 

The offset voltage of the input and output amplifiers 
generally need no adjustment. However, Vosi and Voso 
can be adjusted independently using external potentio- 
meters. An example is shown in Figure 1 5. Note that Voso 
(500 /iV, max) appears directly at the output, but Vosi 
causes an error in the input current which is negligible for 
high source impedances. In general one pot, usually at the 
input is sufficient. 

Adjustment Procedures: In the bipolar mode, remove I in 
and adjust the offset potentiometer for a zero output 
voltage. In the unipolar mode, set Iin to the lowest 
expected input current, for example 20nA, and adjust the 
offset potentiometer for an output voltage equal to Iin x 
Rf. 

BASIC CIRCUIT CONNECTIONS 






APPLICATION INFORMATION 


The small size, low offset and drift, wide bandwidth, 
ultra-low leakage, and low cost, make the ISO 100 ideal 
fora variety of isolation applications. The basic mode of 
operation of the ISO 100 will be determined by the type of 
signal and application. 

Major points to consider when designing circuits with the 
1SO100. 

1. Input Common (pin 18) and -IN (pin 17) should be 
grounded through separate lines. The Input Common 
can carry a large DC current and may cause feedback 
to the signal input 

2. Use shielded or twisted pair cable at the input, for long 
lines. 

3. Care should be taken to minimize external capacitance 
across the isolation barrier. 

4. The distance across the isolation barrier, between 
external components, and conductor patterns, should 
be maximized to reduce leakage and arcing. 

5. Although not an absolute requirement, the use of 
conformally-coated printed circuit boards is recom- 
mended. 

6. When in the unipolar mode, the reference currents 
(pins 8 and 16) must be terminated. 

7. The noise contribution of the reference currents will 
cause the bipolar mode to be noisier than the unipolar 
mode. 

8. The maximum output vc swing is determined by 
Iin and R F . 

V SWING ~ IjN X Rp 

9. A capacitor (about 3pF) can be connected across R F 
to compensate for peaking in the frequency response. 
The peaking is caused by the pole generated by R f and 
the capacitance at the input of the output amplifier. 

Figures 10 through 16 show applications of the ISO 100. 






FIGURE 10. Two-Port Isolation Photodiode Amplifier FIGURE 1 1. Three-Port Isolation Thermocouple 
(Unipolar). Amplifier (Bipolar). 


50kii 50kn 



(]) FOR ISOLATED SUPPLIES SEE FIGURES 10 AND II. 

(2) IN THIS EXAMPLE THE INTERNAL PRECISION CURRENT REFERENCE. I REF 
PROVIDES BRIDGE EXCITATION. 

(3) PIN 8 OF THE INAI01 MUST BE MORE NEGATIVE THAN -2mV FOR LINEAR 
OPERATION OF THE IS0100 WITH R, = lOOkn. 


FIGURE 12. Precision Bridge Isolation Amplifier (Unipolar). 
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FIGURE 13. Isolated 4mA to 20mA Transmitter (Example of an isolated voltage controlled current source). 



FIGURE 14. Isolated Test Equipment Amplifier 
(Unipolar with Offsetting). 



3-15 


OOIOSI 









FIGURE 16. Multiple Channel Isolation Amplifier (Bipolar) with Programmable Gain (Useful in Data Acquisition 
Systems). 
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BURR-BROWN 



EMI SHIELD 


DESCRIPTION 

The I00MS is an epoxy encapsulated electromag- 
netic electrostatic interference (EMI) shield for use 
with circuits where sensitivity to EMI is critical. It 
was designed to attenuate E M 1 by converting electro- 
magnetic field energy into heat that is absorbed by 
the shield and by shunting electrostatic fields to 
common. The 100MS may be used in applications to 
eitherconfine orexclude EMI. Its cavity was designed 
for 28.45mm x 28.45mm x 7.24mm, 20-pin hybrid 
packages. The shields in the cover and base plate are 
in two separate halves to maintain the electrical 
isolation between the adjacent rows of pins of the 
module it encloses. Because of the spacing between 
the shield halves and the epoxy flow holes, the 
100MS provides a partial, but adequate low’ reluctance 
path for electromagnetic flux. The 100MS is well 
suited for use with isolation modules such as the 
Burr-Brown 3656, 722, and 724. 


ASSEMBLY INSTRUCTIONS 

Assemble the base plate to the module by pushing the 
pins of the module through the beveled holes in the 
base plate until the base plate and bottom of the 
module are in contact with each other. Place the 
cover over the module so the tabs are aligned and fit 
into the slots in the base plate. Bend the four wide 
shield soldering tabs protruding from the cover to 
make contact with the bare metal on the base plate. 
Solder these four tabs to insure the integrity of their 
connection to the base plate. 

The 100MS and the module it contains are mounted 
and secured to a printed circuit board (PCB) by 
soldering the two narrow PCB solder tabs to the 
appropriate common. The PCB solder tab closest to 
the input side of the module should be soldered to the 
input common. The other tab should be soldered to 


the output common. Figure 2 illustrates the assembly 
of the 100MS. 

.Epoxy Encapsulant } 


0Half CoverShieldJ 


I A alf CoverShield? 
V) V///////////////////////////A 


s Base PlateShielcK 


Connection to 
Input Common 


Connection to 
Output Common 


I Viso = Isolation Voltage 

FIGURE 1. Cross-Sectional Side View of 100MS. 



FIGURE 2. Assembly Diagram. 


International Airport Industrial Park - P.0. Box 11400 ■ Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL - Specifications apply between solder tabs. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Isolation Voltage 






Rated Continuous, DC 


3500 



VDC 

Rated Continuous, AC 


2000 



V, rms 

Test 

TO seconds. 

8000 



VDC 

Capacitance 



5 


pF 

Resistance 



1010 


11 

Leakage Current 

120V, 60Hz 


0.23 


mA 


MECHANICAL 



NOTE: 

1. Enclosed module lead length minus 0.060" 
to 0.80" 1 .52mm to 2.03mm . 

2. Pin diameter determined by enclosed 
module. 

Order Number: 100MS 
Weight: 17.5 grams 


Seating Plane 


r 1 



INCHES 

MILLIMETERS ) 

DIM 


mss 

moon 

MAX | 

A 

1.320 

1 .380 

33.53 

mm 

B 

1 .320 

1.380 

33.53 

35.05 

C 

.350 

.450 

8.89 

11.43 

D 

.040 

.060 

1.02 

1.52 

H 

.600 

.700 

15.24 

17.78 

J 

.015 > 

.025 

0.38 

0.64 

L 

1.180 

1.280 

29.97 

32.51 


.150 

.250 

3.81 

6.35 

p 

.150 

.250 

3.81 

6.35 

R 

.015 

.055 

0.38 

1.40 

T 

.130 

.230 

3.30 

5.84 

S 

.060 

.080 

1.52 

2.03. 


APPLICATIONS INFORMATION 


MULTIPLE DEVICE ORIENTATION 

A typical application for the 100MS is shown in Figure 3. 
Using multiple devices within 30mm of each other can 
cause them to interact by forming beat frequency inter- 
ference outputs. The 100MS can reduce this interference 
by as much as a factor of 200: 1 depending on the d istance 
between the devices and their relative orientation. 
Minimum EMI results when the gaps of both shields are 
paralleled as in Figure 3a. 


Gap in Shield 


Gap in Shield 



a Optimum PCB Layout. 


20kll 2M11 





b Isolated Data Acquisition Input Circuitry. 


FIGURE 3. Orientation for Minimum FMI. 
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3450 

3451 

3452 
3455 


Precision Linear 
ISOLATION AMPLIFIERS 


FEATURES 

• 2000V ISOLATION (3452) 

• 160dB ISOLATION-MODE REJECTION 

• DIFFERENTIAL INPUT 

• 0.005% GUARANTEED GAIN LINEARITY (3450) 

• 1fiV/°C INPUT VOLTAGE DRIFT (3450) 

• 20pA INPUT BIAS CURRENT (3452) 

• PRECISION WIRE-WOUND RESISTORS FOR 

LONG TERM STABILITY 

• LOW INTERFERENCE PICKUP-PW MODULATION 


DESCRIPTION 

The Models 3450, 3451 and 3452 are operational amplifiers 
with the unique feature of having the output completely 
isolated from the input. This is accomplished by a high ac- 
curacy modulation/demodulation stage which isolates the 
input from the output by 10^12 in parallel with 12 pF of 
coupling capacitance and provides gain linearity and stability 
far superior to that offered by ordinary isolation amplifiers. 

These devices differ from other isolation amplifiers in several 
respects. They are true differential input operational ampli- 
fiers where as other commercially available isolation ampli- 
fiers are simple unity-gain isolators or are capable of a few 
fixed gains. Thus they can be connected in all of the com- 


mon op amp feedback circuits such as summing, inverting, 
differentiating, etc. 

The 3452 differs from the 3450 and 3451 in that it has 
higher isolation voltage (2000 volts vs 500 volts) and has 
isolated ± 15 Vdc power available at the input. 

The 3450 and 3451 differ from each other primarily in 
their input stage characteristics. The 3450 has a low 
drift (1 juV/°C) bipolar transistor input stage while the 
3451 has a low bias current (25 pA) FET transistor 
input stage. The 3455 is identical to the 3452 except for 
additional isolation specifications more well suited for med- 
ical applications. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 


3-19 


3450 








SPECIFICATIONS 

Typical at 2 5°C and ±15 Vdc unless otherwise noted. 


ELECTRICAl 

MODEL 

INPUT STAGE SPECIFICATIONS 

Open Loop Gain dB, Min. 

Input Offset Voltage («' 25°C^ mV, Max. 

vs. Temp. juV/°C Max. 

vs. Supply MV/V 

vs. Time juV/mo 

Input Bias Current ( a) 25°C Max. 

vs Temp. Max. 

vs. Supply 

Input Offset Current («> 2 5°C 
vs. Temp. Max. 

vs. Supply 


3451 13452/3455^ 


Input Impedance 
Differential 

Common Mode 

Input Noise 

Voltage, .01 Hz - 10 Hz juV, p-p 

10 Hz - 1 kHz iuV rms 

Current, .01 Hz - 10 Hz pA, p-p 

10 Hz - 1 kHz pA, rms 

Input Voltage Range 
Common Mode (2) (operating) V, Min. 
Differential (w/o damage) V, Min. 

Common Mode (2) Rejection dB 10V 

Isolated Power Available 
Voltage 

Current, Max. 

Ripple @ 100 kHz 

ISOLATION STAGE SPECIFICATIONS 

Gain (without trimming) ( 4 ) 1 V/V,±Max 

vs. Temp. ppM/°C Max 

Nonlinearity^ 7 ) @ ± 10V % Max/typ 

Frequency Response, -3 dB(See Fig. 9 ) 

Settling Time 
to 0 . 01 % 
to 0 . 1 % 

Isolation Impedance^ 3 ) 

Isolation Leakage Current at 240V/60Hz 
Isolation Mode' 3 ) Rejection , G = 10 
DC 

6QHz 

Isolation^) Voltage 

Rated, continuous, (min.) 

Test voltage( 5 ) 

Output Voltage 
Output Current 
Output Impedance, DC 
Output Noise 

.01 Hz to 10 Hz 
10 Hz to 1 kHz 

Output Offset Voltage @ 2 5°c( 4 ) mV, Max. 
vs. Temp. 
vs. Supply 
vs. Time 

Input Power Requirements 
Voltage 

Current, quiescent 

, full load, max. 

TEMPERATURE RANGE 

Specification 

Storage 

Operating 


±50 nA 
±0.5 nA/°C 
±0.2 nA/V 

±30 nA Max. 
±0.3 nA/°C 
| ±0.1 nA/V 

io 7 n 

Sxl0 9 ft||10pF 


-25 pA I -20 pA 
doubles/ 10°C 
±1 PA/V 
±2 pA 

doubles/ 10°C 
±0.5 pA/V 

10 1 l ci 

io 11 niiiopF 



±15V -10% 

±10mA 


±0.1% ±0.5 % 

±10 ±50 

.005/±0.001 5 ±0.02 5/±. 005 | ±0.025/±.005 
1.5 kHz 2.5 kHz 


160 dB Min. 
12, 9 dB Min, , 

±500 V Peak 

±2000V Peak 

±10 V Min. 

±5 mA Min. 
0.2 Cl 


MATERIAL - Black Plastic 
WEIGHT - lOOg (3.5 oz) 

PINS - Pin material and plating composition 
meet method 2003 (solderability) of 
Mil-Std-883 [except paragraph 3.2] 
Mating Connector - 4400MC, 


PIN CONNECTIONS 


±2000Vpk 

±5000Vpk(6) 


0> 


+ 15 Vi 
-15 V • 
OFFSET « 
GAIN 4 
O/P COM « 
OUTPUT 0 


7 juV p-p 
2 5 /uV rms 

« 1 15 . r 

±100mV/°C Max. 

±S00mV/V 

±100mV/Mo 

±14 to ±16 VDC 
+ 30/- 5 mA Max. 
+3S/-10mA |+! 

-25°C to +85°C 
-55°C to +95°C 
-2 5°C to +85°C 


MODELS 3450 & 3451 


55/-10mA^ 8 ) 



MMW'WIOWN PWR COM • 

• I/P COM 

liil 

• bal 

+15 V • 

• -V/BAL / 

r 1 F> ~ 15V# 

• +IN \ 

i 1 OFFSET • 

• -IN 

^ GAIN* 

• FDBK 

O/P COM* 

• +v 

3452 OUTPUT • 


MODEL 3452 & 3455 


1) For 3450 and 3451 current drawn from FDBK pin 
current drawn from FDBK pin and either “-V/Baf 
must be 11mA. 

2) Common-mode parameters are measured at the +11 

3) Isolation mode parameters are measured at the I/P 
pin and O/P COM pin. 

4) Errors may be trimmed to zero. 

5) All units 100% tested for l#iA max leakage current 


measured at the +IN and -IN pins with respect to the I/P COM pin. 
measured at the I/P COM pin with respect to the PWR COM 


6) The 3455 is identical to the 3452 except for two additional specifications. Each unit is tested to 
withstand a 2500V rms, 60 Hz sinewave isolation voltage (Ref. Dielectric Withstand Voltage, 
paragraph 31.11 of UL 544). Each unit is specified at a maximum leakage current of 2/iA with 
240V rms, 60 Hz isolation voltage (Ref. Leakage Current, paragraph 27.5 of UL 544). 

7) Nonlinearity is specified to be the peak deviation from a best straightline expressed as a percent 
of peak-to-peak full scale output. 

8) Includes fully loaded input power. 
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Q FDBK (Feedback Point) 


CIRCUIT DESCRIPTION r 


~\ 


The 3450,345 1 and 3452 operate on the same principle, 
basically that of an operational amplifier followed by 
a high accuracy isolation stage (Figure la). The high 
accuracy of the isolation stage is achieved by use of a 
proprietary feedback technique in combination with 
high-stability components. 

Isolated DC power for the input amplifier is provided 
by an internal DC -DC converter which derives its 
power from the external +15 Vdc supply. 

Although a DC -DC converter and modulation tech- 
niques are used, the output noise is typically less 
than 1 mV (peak) as a result of careful design, inter- 
nal filtering, and a shielded package. The frequency 
of this noise is approximately 1 00 kHz which makes it 
insignificant for many applications. Pulse width mod- 
ulation minimizes pickup from adjacent units. The 
symbol shown in Figure lb is used to represent the 
complete isolated operational amplifier. 

The O/P COM pin must be connected to the PWR 
COM pin. Figure 10a shows the power supply con- 
nections and the optional offset and gain trims. 



D 


(b) Symbol 

(1) on 3452 only 


FIGURE 1. Block Diagram and Symbol 


APPLICATIONS 


The isolation amplifiers may be used in the same manner as 
any operational amplifier except that the feedback signal is 
taken from the FDBK pin rather than from the output pin. 
No connection is required or would normally be made from 
input common (I/P COM) to either the power common 
(PWR COM) or output signal ground pins. Some typical 
circuit applications are shown in the following. 

NONINVERTING CIRCUITS 

One of the most useful applications of these amplifiers is 
impedance buffering and pre-amplification of low-level sig- 
nals. Such signals may be “riding” on several hundred 
volts of common mode potential or they may simply have 
a significant amount of common mode noise (power line 
“pickup,” etc). 


Figure 2 illustrates the correct signal and feedback connec- 
tions for such noninverting circuits. 



•See note (1) under Electrical Specifications. 


For signal sources of millivolt levels and low internal imped- 
ance, the 3450 will usually be the best choice. Signal 
sources of this type include thermocouples, thermistors, etc. 
The 345 1 will generally be the best choice for signal sources 
having large values of internal impedance. The pH cell is an 
example of this type of signal source. 

INVERTING CIRCUITS 

The isolation amplifiers can be used for a variety of inverting 
circuit applications. Figure 3 illustrates the proper circuit 
connections for summing a number of signals which are all 
at the same common mode level. An example of the use of 
such an amplifier is the computation of a weighted average 
of several temperature inputs. 



FIGURE 3. Summing Amplifier (or Weighted Averager). 
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DIFFERENTIAL INPUT CIRCUIT 

The isolated operational amplifier can be operated in a fully 
differential mode as shown in Figure 4. The input imped- 
ance of the differential amplifier circuit is 2Rj and may 
cause undesirable loading of the signal source unless Rj is 
much greater than the impedance of the signal sources. 



CURRENT AMPLIFIER 

As with nonisolated operational amplifiers, the isolation am- 
plifiers can be used to convert current source or convert cur- 
rent signals to output voltage. However, with these amplifiers 
the input signal may have a large voltage associated with it 
which can be completely isolated from output ground. The 
circuit of Figure 5 illustrates this technique. 



FIGURE 5. Isolated Current Source Amplifier. 


BRIDGE AMPLIFIER 

The circuit in Figure 6 illustrates a method of 
amplifying a signal from a balanced bridge which 
cannot be conveniently used with a nonisolated 
amplifier. The circuit shown provides a high 
input impedance so that the bridge is not loaded. 
The common mode rejection of the bridge ex- 
citation voltage is not degraded by the external 
gain setting resistors as it would be with a dif- 
ference amplifier. The gain can be changed con- 
veniently by adjusting a single resistor (R 2 ). 
Also, the whole bridge circuit may be floated 
with respect to the output by a voltage equal to 
the isolation mode voltage specification without 
creating troublesome ground loop current. 



ISOLATION AMPLIFIERS USED IN 
MEDICAL APPLICATIONS 

When isolation amplifiers are used in patient 
monitoring medical application the considera- 
tions of 1 ) patient safety and 2 ) protection of 
the amplifier against defibrillator voltages re- 
quire the use of additional circuitry. 

The input resistors must be kept large in order 
to limit the leakage current in the event of a com- 
ponent failure in the input stage of the amplifier. 
The 1 .2meg. ohm resistors will limit the current 
to 12.5/rA (Figure 7). 

The amplifier must be protected in two areas 
against possible damage from defibrillator over 
voltages. Diodes Dj through D 4 protect the in- 
put stage from excessive voltages and currents. 
The gas filled surge voltage protection (SVP in 
Figure 7) will protect the isolation barrier of the 
amplifier from breakdown. A Siemens part 
number B2-B470 will limit the voltage across 
the isolation barrier to 470V and has high iso- 
lation resistance and low leakage capacitance 
characteristics. 



FIGURE 7. High Performance ECG Amplifier Gain = 20V/V 
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PERFORMANCE 


OFFSET VOLTAGE and NOISE 


FREQUENCY RESPONSE 


The total error at the output of the isolation amplifiers may 
be computed by treating it as two amplifier stages in cascade. 
One stage (the input stage) has variable gain (Gi) and the 
other stage (the isolation stage) has a fixed gain of 1 V/V. 

When this concept is applied to the circuit in Figure 2 as a 
typical example we see that the total DC offset voltage 
error at the isolation amplifier output is given by 


Vos “ V qsi xG 1 + I b R 1 xG 1 + V 0S 2 


where V os = total offset voltage, referred to output (RTO) 
Vosi = offset voltage of input stage 
V 0 s 2 = offset voltage of isolation stage 
Ig = input bias current 
Ri = input impedance n 

1 K i + Kp 

Gj = gain of input stage, — — 


A similiar expression may be used to compute the total offset 
voltage drift, RTO. 

Total output noise maybe calculated in much the same way. 

E n (rms) = J (E n J xG]) 2 + (I n R] x Gj) 2 + (E n2 ) 2 

where E jq (rms) = total noise, RTO 

Ejyf j = rms voltage noise of input stage 
In = rms current noise of input stage 
En 2 = rms voltage noise of output stage 


The rms noise specifications shown in the Electrical Specifi- 
cations are for a frequency band of 10Hz - 1kHz. If the 
bandwidth is reduced by Filtering the noise will be decreased. 


Because the isolation amplifiers are two stage amplifiers, the 
frequency response of both stages in cascade must be con- 
sidered in determining the overall response. The curves of 
Figure 9 show the frequency response of each stage. Note 
that the frequency response of the input stage is shown 
under open loop conditions: As with conventional opera- 
tional amplifiers, the actual closed loop response depends 
on the feedback network used. 


CO 


GAIN ACCURACY and STABILITY 



The overall gain accuracy of the isolation amplifier is deter- 
mined by the gain accuracies of its two stages. The input stage 
accuracy is determined by the open loop gain and the feed- 
back network (i.e. the loop gain) as with a conventional 
operational amplifier. The untrimmed accuracy of the iso- 
lation stage is given in the Electrical Specifications. Since 
these can be trimmed to zero the fundamental limitation on 
gain accuracy is the linearity and gain drift. When these 
limitations are considered the isolation amplifiers are quite 
capable of achieving gain accuracies of 0.01% and 0.1%. 
The achievement of such accuracies, as always, requires 
the use of high quality feedback components (such as 
wire-wound resistors) and careful calibration techniques 
(see Calibration Adjustments). 


COMMON MODE REJECTION 
and ISOLATION MODE REJECTION 

The use of the common mode rejection (CMR) and isolation 
mode rejection (IMR) specifications to calculate their re- 
spective error contribution is illustrated in Figure 8. 



FIGURE 8. Common Mode and Isolation Mode Voltage Errors. 
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FIGURE 9. Frequency Response of Input and Output Stages. 


INSTALLATION and OPERATING INSTRUCTIONS 


MOUNTING 

The isolation amplifiers are plastic cased modules suitable for 
sqjdering directly on to a printed circuit board. Alternatively 
they may be plugged into the 4400 MC mating connector 
which may be mounted on a panel or chassis. 


CALIBRATION ADJUSTMENTS — 

Gain of the isolation amplifiers is determined primarily by 
the operational amplifier input stage. This allows a wide range 
of possible gains with the accuracy determined primarily by 
the feedback networks and the open loop gain of the 
operational amplifiers. Rp > 10 k is recommended for best 
linearity. The gain of the isolation stage is nominally unity 
but may be trimmed over a limited range to allow easy 
calibration. 

Offset voltages of both input and output stages are adjustable 
by use of external components. 

Figure 10 illustrates a typical amplifier circuit where gain 
and offset voltages are adjusted. Proper calibration pro- 
cedure for this circuit would normally be as follows: 


POWER SUPPLY REQUIREMENTS 

The isolation amplifiers have no unusual power supply re- 
quirements. A standard low-cost power supply such as the 
Burr-Brown 551 is recommended. The necessary isolated 
power for the input stage of the amplifier is derived internal- 
ly by a DC-DC Converter operating from the externally ap- 
plied +15VDC power. 


ISOLATION STAGE OFFSET VOLTAGE NULL 

Set input signal to zero (connect +IN to I/P Com) con- 
nect I/P Com to O/P Com and measure the voltage between 
the FDBK and OUTPUT pins with a floating DVM. Null 
this voltage by adjusting R4. Remove the connection be- 
tween I/P Com and O/P Coni. 

INPUT STAGE OFFSET VOLTAGE NULL 

With the input signal set to zero, adjust R5 such that the 
voltage between the FDBK and I/P Com pins is zero. (This 

is best done at a high gain value i.e. fe - G . _ ^F s 1000 ). 

Rg 

OVERALL GAIN ACCURACY 

With Rp and Rq at the proper values to produce the de- 
sired gain G = + ^F a ppiy a known calibration voltage 

Rg 

Vr as the input signal. Adjust R 3 for the desired output 
V 0 = Vr x G. 
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If it is unnecessary to adjust offset voltage of the output 
stage, Rj and R 4 may be omitted. If no adjustment of 
input stage offset voltage is desired, omit R 5 and R 5 . 

If the specified gain accuracy (see spec table) is adequate 
without further adjustment, both R 2 and R 3 may be 
omitted. The OUTPUT pin must then be connected to 
the GAIN pin for an output stage gain of unity. Omit R 7 
if Rj through R 4 omitted. 

For all applications other than unity gain noninverting, 

R 2 is unnecessary and only R 3 is needed to trim the 
gain. However, it is then necessary to set the first stage 
gain slightly below the desired overall value and then 
use R 3 for the gain calibration. 

For- Fixed gain applications it may be unnecessary to 
null offset voltage for both input and output stages. The 
offset voltage of the output stage, for instance, may be 
used to compensate for the input stage offset, thus giving 
an overall null. However, if gain is to be varied over a 
wide range it will usually be necessary to null both off- 
set voltages. 

Appropriate safety precautions should be taken when 
adjusting input stage offset voltage or gain. These points 
will be “floating” at the isolation mode voltage and 
appropriate precautions must be taken if this is a high 
voltage. In particular, any adjustment potentiometers 
used for input stage adjustment should have insulated 
shafts with voltage ratings in excess of any expected 
common mode potential. 

The output stage can be adapted to drive capacitive load 
of up to 10,000 pF without sacrificing DC gain accuracy. 
Add Rg = 10012 as shown in Figure 10b; otherwise, 

Rg = 012. 

WIRING SHIELDING and ISOLATION MODE REJECTION 



The capacitive coupling from input common (I/P COM) to output 
common (O/P COM) for the isolation amplifiers is extremely low. This 
is an essential element in achieving the isolation mode rejection 
specifications. Therefore it is essential that care be used in wiring 
and printed circuit card layout to minimize stray capacitance between 
input and output circuits. 

Proper shielding of input leads is also essential in preserving isolation 
mode rejection. When shielded cable is used the shield should be 
connected to the common mode potential at the signal-source. 

Isolation mode rejection at high frequencies will be degraded by 
resistance in series between the signal source and the I/P COM pin 
(e.g. wire resistance). Figurel l illustrates the mechanism by which 
such degradation occurs. The isolation mode voltage “divides” across 
R w and C c creating an isolation mode error voltage Aei so which ap- 
pears as an unwanted differential input voltage adding to e s . Note that 
this error occurs even if R^ and R w are equal because the stray 
capacitance C c exists only from the I/P COM pin to O/P COM. If 
this degradation of the isolation mode rejection becomes significant 
(for R w = 1 k£2 and f = 60 Hz, the CMR is still in excess of 97 dB) 
a capacitance from the +IN pin to O/P COM will compensate the 
effect. A capacitor used in this manner must withstand whatever 
isolation mode potential exists. 



FIGURE 1 1 . Degradation of Isolation Mode Rejection 
due to Wiring Impedance and Coupling 
Capacitance. 
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ISOLATED INSTRUMENTATION AMPLIFIER 


FEATURES 

• TRUE 3-WIRE INSTRUMENTATION AMPLIFIER INPUT 

• TRUE INSTRUMENTATION GRADE ISOLATION 
AMPLIFIER 

• 1(iV/°C INPUT VOLTAGE DRIFT 

• ADJUSTABLE GAIN, 1 to 1000 

• LOW NONLINEARITY, 0.02% max 

• ISOLATION VOLTAGE, 2000V PEAK RATED CONTINUOUS 

• 160dB ISOLATION-MODE REJECTION 

• +20mA, VOLTAGE OR CURRENT PROGRAMMABLE 
OUTPUT 

• 2.5kHz, FREQUENCY RESPONSE 

• LOW INTERFERENCE PICKUP-PW. MODULATION 

• FULLY SELF-CONTAINED 

APPLICATIONS 

• ISOLATED THERMOCOUPLE & RTD SENSING 

• INDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT AND INSTRUMENTS 

• HIGH VOLTAGE INSTRUMENTATION AMPLIFIER 

• CURRENT SHUNT MEASUREMENTS 

• GROUND-LOOP ELIMINATION 

• BIOMEDICAL PATIENT MONITORING 


International Airport Industrial Park - P.O. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-377 
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DESCRIPTION 


The Models 3456A and 3456B are high performance 
instrumentation amplifiers which have their outputs 
completely isolated from the input. The front end of the 
unit is a high performance, DC differential-input 
instrumentation amplifier stage, designed for data 
acquisition and instrumentation use. The low drift, low 
noise and high CMR make it possible to accurately 
amplify microvolt-level signals with gains of up to 1000. 
The input stage is followed by a high accuracy unity gain. 


pulse width modulation /demodulation isolation stage. 
This isolation stage isolates its input from the output by 
10 12 n|| 14 pF impedance. The 3456A and 3456B differ 
from other isolation amplifiers in several respects. They 
are true instrumentation amplifiers as opposed to 
differential input op amps or fixed gain isolators. They 
offer both, the single resistor programmable gain range as 
well as the true 3 wire instrumentation amplifier input. 


THEORY OF OPERATION 



Figure 1 shows block diagram of 3456. The true 3 wire 
instrumentation amplifier input section shown needs only 
one resistor to set the required gain level. It has high input 
impedance, high CMR and low bias current and allows 
the use of inverting, non-inverting and differential input 
configurations. The input offset adjustment shown is 
optional. 

Isolated DC power for the input stage is provided by an 
internal DC/ DC converter which derives its power from 


the external +15 VDC supply. The isolated power is also 
made available (on +V and -V pins) for external use. 
The modulation/ demodulation stage isolates the input 
from the output by 10 12 H in parallel with 14 pF of 
coupling capacitance. Pulse width modulation technique 
is used to minimize pickup from adjacent units. This 
technique combined with the use of wirewound and laser 
trimmed thin-film resistors provides high overall 
accuracy and excellent drift characteristics. 



FIGURE 1. 3456 BLOCK DIAGRAM 
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SPECIFICATIONS 

Typical at 25°C and ±15VDC supply voltage unless otherwise noted. 


ELECTRICAL 


MODEL 3456A 


MECHANICAL 

(BOTTOM VIEW) 


GAIN 

Gain Equation 

Range of Gain 

Gain Nonlinearity at G ^ 100 
< 1000 

Gain Accuracy at G ^ 100 

G ^ 1000 

Gain vs Temperature at G < 100 
at G = 1000 

1 - 1000 

±0.01% typ., ±0.02% max 
±0.03% typ., ±0.08% max 
±0.2% max 
±0.5% typ. 

10 ppm/°C 

50 ppm/°C 

INPUT 


Input Impedance - Differential 

10 7 n II 3 pF 

Common-mode 

5 x I0 9 n II 3 pF 

Input Voltage Range"’ 

±10V 

Absolute max 

±Isolated Supply 

Common-mode Rejection, DC-lOOHz 


at G = 1.5kfi source unbal. 

80dB, min 

at G = 100, Ofl balanced source 

HOdB 

Input Bias Current, Initial 

±50nA, max 

vs Temperature 

0.3nA/°C typ, 0.6nA/°C, max 

vs Supply 

±0.2nA/V 

Input Noise 


Voltage, 0.01Hz - 10 Hz 

I. 5m p-p 

10Hz - 1.0kHz 

1 ,4mV rms 

Current, 0.01 Hz - 10Hz 

200pA p-p 

10Hz - 1.0kHz 

50pA rms 

ISOLATED POWER 


Voltage - No load 

±15.3V, max 

Voltage - ±10mA 

±13.5V, min 

Current 

±10mA, max 

Ripple at 100kHz 

IOOmV, p-p 


=| 

- o (PWR COM) 
l #4-40 Thread * 

5.1 mm (0.2") > - 
I deep 2 Holes > 

r 

(l/P COM) o'-- 
- (BAL)o 


(BAL) • 

--M+15V), 

(GAIN)o - 

- O- (-15V) - 

1 (-V)O 

- O (SENSE) ~- 

J <+IN)$ 

O (COMP) 

(-IN)O- 

o (O/P COM) 

(GAIN)O -■ 

- O (OUTPUT) 

: (+v)o- 

U — 




Isolation Impedance' 3 ' 

Isolation Mode Rejection, DC 
,60Hz 

Isolation Voltage, Rated Continuous 
Test Voltage' 4 ’ 


MATERIAL. Black Plastic 
WEIGHT: 100 grams (3.5 oz.) 

PINS: Pin material and plating composition 
meet method 2003 (solderability) of 
Mil-Std-883 (except paragraph 3.2) 
MATING CONNECTOR: 4400MC 


PIN CONNECTIONS 


10 ,z n II 14 pF 
160dB + I/P Gain (dB) 
130dB + I/P Gain (dB), m 
±2000V Peak 
±5000V Peak 


(TOP VIEW) 


ISOLATED 

INSTRUMENTATION®^ * 
gain a MPL1F , E r 
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VOLTAGE OUTPUT CONFIGURATION 

The 3456, when connected as shown in Figure 2, will 
provide output signal capable of driving up to ±20mA 
load. Refer to the block diagram shown in Figure 2. 
Notice that the demodulated signal is referenced to the 
O/P COM pin. The O/P COM pin is connected to the 
output ground (PWR COM) for voltage output 
configuration as is shown in Figure 2. So with this 
configuration, the demodulated voltage signal is fully 
applied across the load impedance Zl. 

If roll-off at a lower frequency (lower than 2.5kHz) is 
desired, an optional compensation capacitor Cc may be 
connected as shown between the COMP pin and the OUT 
pin. See Figure 4 for the selection of Cc. The output offset 
controls shown in Figure 2 and Figure 3 are optional. 
They provide approximately ±15mV offset control at the 
output. 

The SENSE and COMP pins are subject to electrostatic 
noise pick-up via stray capacitance. To minimize this 
noise pick-up these pins and connected circuits should be 
shielded. If these controls are not used, we recommend 
the unused pins be cut off flush to the 3456 surface. This 
would help minimize the degradation of Isolation Mode 
Rejection. 



FIGURE 2. Voltage Output Configuration With 
Simplified Block Diagram. 
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O -15V 


FIGURE 3. Alternate O/P Offset Control For Voltage 
Output Configuration. 
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FIGURE 4. -3dB Frequency Vs Cc (Voltage Output). 


ALTERNATE GAIN ADJUSTMENT 
The gain adjustments are normally made by varying the 
gain setting resistor at the input. Since voltages at high 
potential may be present at the input side of the isolation 
barrier, some applications may require that gain 
adjustments or gain trimming be done at the output side 
of the isolation amplifier. For the voltage output 
configuration, such gain trimming can be done at the 
output. Figure 5 shows a recommended gain adjustment 
method. This method would provide a ±1% gain trim at 
the output. 



FIGURE 5. Alternate Gain Adjustment Method For 
Voltage Output Configuration. 


CURRENT OUTPUT CONFIGURATION 

Current output configuration is a. configuration which 
gives an output current proportional to the input signal. 
The 3456 should be connected as shown in Figure 6 for 
current output configuration. In this configuration, the 
O/P COM pin is not connected to the output ground 
(PWR COM). The O / P COM pin is connected to R L . The 
demodulated signal (voltage between the OUT pin and 
O/P COM pin) is thus applied across Rs. With a given 
demodulated signal and known feedback for the output 
amplifier, the voltage across Rs can be calculated. With 
known value of this voltage, the value of R s can be fixed 
to give the desired output current to the load resistor Rl. 
The output current is thus programmed by Rs. It does not 
change with changes in the load resistor Rl. The feedback 
resistor Rf paralleled with the internal 1 OOkH resistor (see 
Figure 6) helps achieve the required voltage rescaling at 
the output (the OUT pin). 
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FIGURE 6. Current Output Configuration With 
Simplified Block Diagram 

PROGRAMMING FOR CURRENT OUTPUT 
The selection criteria discussed below is based on 3456 
being gain programmed for ±10V full scale signal at the 
OUT pin (the signal as referenced to the PWR COM pin). 
With ±10V full scale signal, best overall accuracy is 
achieved. 

Rl is defined as the maximum load impedance in ohms 
and I 0 as the maximum peak output current in amperes. 
The common-mode voltage (an error producing term) is 
directly proportional to Rl. So, it is desirable to keep Rl 
to as minimum a value as is consistent with desired 
application’s requirements. 

Determine first the value of I 0 and Rl suitable for the 
desired application. The values of Rs and Rf in ohms can 
be obtained by the expressions, 

10 - Io Rl 


10 s (I„ Rs 10 4 - R s ) 

r f = 

10 5 - I„ Rs . 10 4 + Rs 

Cc, expressed in pF, can be calculated by the expression 
220 . 10 5 

Cc = 

Rf 

where R F is in ohms. 

The above calculated value of Cc would maintain the 
-3dB frequency response at 2.5kHz. Roll-off at a 
frequency lower than 2.5kHz can be achieved by 
increasing the value of Cc. 

The maximum allowable voltage across Rs + Rl to 
maintain the specified accuracy, also known as 
“compliance” is limited to ±10V by the output swing 
capability of the output amplifier. 

The current output configuration contains all error 
elements of the voltage output configuration plus 
additional common-mode errors introduced by raising 


the demodulated signal reference from output ground to 
the voltage developed across Rl. Hence, as discussed 
earlier, consistent with the requirements of desired 
application, it is best to keep the Rl to as minimum a 
value as is possible. Figure 7 shows the maximum 
additional peak nonlinearity errors in the current output 
configuration expressed as a percent of full scale peak to 
peak output (40mA) vs Rl / Rs. 

The values of Rs and R F as calculated above, would 
program the unit for the desired full scale output current 
Io when the gain of 3456 is scaled for ±10V full scale 
ouptut. With these values of Rs and R F the unit would 
comply with the performance curves shown in Figures 7, 
8 and 9. Deviation from this selection procedure could 
result in degraded performance. 

Due to the output amplifier bias currents and the 
demodulator currents, we recommend that the full scale 
output current value be ±lmA or higher (up to ±20mA). 


FIGURE. 7. Maximum Additional Peak Nonlinearity 
Errors in Current Output Configuration Expressed as 
Percent of p-p Output Current Vs Rl/Rs. 



FIGURE 8. Typical Additional Offset in Current Output 
Configuration Vs Rl/Rs. 
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FIGURE 9. Typical Additional Temperature Drift in 
Current Output Configuration Vs Rl/Rs. 


SPECIFICATIONS FOR CURRENT OUTPUT 
When the above discussed current output configuration 
procedure is followed for selection of Rf, Rs, Cc and Rl, 
the following performance standards would be met by the 
configuration. 

Gain accuracy would be maintained within a maximum 
of 0.1% above that specified for voltage output 


configuration. Gain nonlinearity would not exceed the 
voltage output specification by more than the value 
indicated in Figure 7. 


Current output offset and temperature drift are specified 
as a voltage quantity appearing across R s . These 
parameters each contain two terms. The first term is the 
total offset voltage RTI (referred to input) specification 
for voltage output mode multiplied by the input gain 


D 

setting, multiplied by s . The second term is the 
Rs + Rl 

value found from Figure 8 for the offset voltage and from 
Figure 9 for the offset voltage drift. Adding these two 
terms would give the offset voltage and the offset voltage 
drift values appearing across the scaling resistor Rs. To 
obtain these parameters in terms of the offset current and 
the offset current drift, they have to be divided by R s . In 
short. 



Voltage Output Mode 
^ Specification 




\ /lnput\ / Vi 
J y Gain J y R s + Ri / \Fig. 

) 


Value from 1 
8 or Fig. 9 J 


urrent Output Mode 
Specification 


To obtain the offset or drift in units of current, divide the 
above equation by Rs. 
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Optically-Coupled Linear 
ISOLATION AMPLIFIERS 


FEATURES 

APPLICATIONS 

• BALANCED INPUT 

• INDUSTRIAL PROCESS CONTROL 

• LARGE COMMON-MODE VOLTAGES 

• DATA ACQUISITION 

±2000V Continuous 

140dB Rejection 

• INTERFACE ELEMENT 

• ULTRA LOW LEAKAGE 

• BIOMEDICAL MEASUREMENTS 

0.25 m A max at 240V/60HZ 

• PATIENT MONITORING 

1.8pF Leakage Capacitance 

• TEST EQUIPMENT 

• EXCELLENT GAIN ACCURACY 

0.05% Linearity 

• CURRENT SHUNT MEASUREMENT 

0.05%/1 OOOHours Stability 

• GROUND-LOOP ELIMINATION 

• WIDE BANDWIDTH 

• SCR CONTROLS 

15kHz ±3dB 

1.2V/Vsec Slew Rate 


DESCRIPTION 


The 3650 and 3652 are optically coupled integrated 

lower cost, wider bandwidth and integrated circuit 

circuit isolation amplifiers. Prior to their introduc- 

reliability. Also, because they use a DC analog 

tion commercially available isolation amplifiers had 

modulation technique as opposed to a carrier type 

been modular or rack mounted devices using transform- 

technique, they avoid the problems of electromagnetic 

er coupled modulation/ demodulation techniques. 

interference (both transmitted and received) that 

Compared to these earlier isolation amplifiers the 
3650 and 3652 have the advantage of smaller size. 

most of the modular isolation amplifiers exhibit. 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 


Typical at 25°C and 115VDC supply voltages unless otherwise noted. 


1 MODEL 

3650MG/HGO) 

3650JG 

3650KG 

3652MG/HGP) 

3652 JG | 

| ISOLATION | 

Isolation Voltage 

Rated Continuous, (min) 



2000V p or VDC 



Test Voltage, (min) lOsec duration 



5000V p 



Isolation-Mode Rejection, G = 10 






DC 



140dB 



60Hz, 50000 source unbalance 



120dB 



Leakage Current, 240V/60Hz 
Isolation Impedance 



0.25/uA, max 



Capacitance 



1.8pF 



Resistance 



1012O 



1 GAIN I 

Gain Equation 






; for current sources 


Gi = 106Volt/Amp 


Gi = 1 .0057 x 106 Volt/Amp(2) 

for voltage sources 

~ 106 


106 y/y 


Rgi + Rg2 + Rin ’ 


Rgi + Rg 2 + Rin + Ro 

Input Resistance, Rin, max 


250 


250 

Buffer Output Impedance, Ro 


Not applicable 


9011 ±300 

Gain Equation Error, max(3) 

1 .5% 

0.5% 1 

0.5% 

1 ,5%(4) 

0.5%(4) 

Gain Nonlinearity 

±0.05% typ. ±0.2% max 

±0.03% typ. ±0.1% max ±0.02% typ. ±0.05% max 

±0.05% typ. ±0.2% max 

±0.05% typ. ±0.1% max 

Gain vs Temperature 

300ppm/°C 

100ppm/°C ! 

50ppm/°C 

300ppm/°C(4) 

200ppm/°C(4) 

Gain vs Time 


±0.05%/1000hrs. 


±0.05%/1000hrs. | 

Frequency Response 






Slew Rate 


0.7V/jLtsec min, 1.2V/^sec typ. 


±3dB Frequency 

Settling Time 



15kHz 



to ±0.01% 



400/xsec 



to ±0.1% 



200/xsec 



| INPUT STAGE(5) j 

Input Offset Voltage 






at 25°C, max(3) 

±5mV 

±1mV 

±0.5mV 

±5mV 

±2mV 

vs Temperature, max 

±25jzV/°C 

±10 M V/°C 

±5 M V/°C 

±50/iV/°C 

±25 M V/°C 

vs Supply 


100 M V/V 


100mV/V 

vs Time 


50 m V/ 1000 hrs. 


100mV/ 1000 hrs. 

' Input Bias Current 






at 25° C 


10nA typ, 40nA max 


lOpA typ, 50pA max 

vs Temperature 


0.3nA/°C 


doubles every ±10° C 

vs Supply 


0.2nA/V 


IpA/V 

Input Offset Current 




lOpA 

vs Temperature 


effects included 


doubles every 10°C 

vs Supply 


in output offset 


. IpA/V 

Input Impedance 






Differential 


“Rin" = 250 max 


10110 

Common-mode 


1090 


ioiio 

Input Noise 






Voltage, 0.05Hz to 100Hz 


8/uV, p-p 


4m. P-P 

• 10Hz to 10kHz 


4/uV, rms 


5mV, rms 

Input Voltage Range 






Common-mode, linear operation, 


±(| V| -5)V 


±<l V| -5) 

w/o damage, at +,- 


±V 


±V 

at ±1, -1 


Not applicable 


±300V for 10msec(6) 

at+IR, -IR 


Not applicable 


±3000V for 10msec(6) 

Differential, w/o damage, at +, - 


±V 


±V 

Differential, w/o damage, at ±1, -1 


Not applicable 


±600 V for 10msec(6) 

Differential, w/o damage, at ±IR, -IR 


Not applicable 


±6000V for 10msec(6) 

Common-mode Rejection, 60Hz 

90dB at 60Hz, 5kO imbalance 

80dB at 60Hz, 5kO imbalance 

Power Supply (Input Stage Only) 






Voltage (at “+V” and “-V" 


±8V to±18V 


±8Vto±18V 

Current 






Quiescent 


±1.2mA(7) 

. 

±3mA(7) 

with ±10V outputs) 


+6.5mA or -6.5mA, typ 


±8,5mA or 

8.5mA, typ 



+12mA or -12mA, max 


±1 6mA or- 

16mA, max 
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ELECTRICAL (cont) 


| MODEL 

3650MG/HGH) 

3650 JG 

1 3650KG 

3652MG/HGn> | 

3652 JG | 

| OUTPUT STAGE | 

Output Voltage, min 


±10V 


±10V 


Output Current, min 


±5mA 


±5mA 


Output Offset Voltage 






at 25° C max(3) 

±25mV 

±10mV 

j ±10mV 

±25mV | 

±10mV 

vs Temperature, max 

±900/iV/°C 

±450/iV/°C 

I ±300/uV/°C 

±900 m V/ o C 1 

±450mV/°C 

vs Supply 


±500 m V/V 


±500 M V/V 


vs Time 


±1mV/1000hrs 


±1mV/1000hrs j 

Output Noise Voltage 






0.05Hz to 100Hz 


50fxV, p-p 


50/iV, p-p 


10Hz to 1kHz 


65/uV, rms 


65/uV, rms 


Power Supply (Output Stage Only) 






Voltage <“+V C c” and “-V C c") 



±8V to ±18V 



Current 






Quiescent 



±2.3mA typ, ±6mA max 



with ±5mA output, max 



±11mA 



| TEMPERATURES) | 

Specification 



0°C to 85° C 



Operating 



-40° C to +100°C 



Storage 



-55° C to +125°C 




1 . All electrical and mechanical specifications of the 3650MG and 3652MG are identical to the 3650HG and 3652HG, respectively, except that the 
following specifications apply to the 3650MG and 3652MG: rat Isolation test voltage duration increased from lOsec minimum to60sec minimum; i b > Input 
Offset voltage at 25°C max: ±10mV; vs. temp, max: ±100 mV/°C; ic) Output offset voltage at 25°C max: ±50mV; vs temp, max: ±1.8mV/°C. 

2. If used as 3650, see Installation and Operating Instructions. 

3. Trimmable to zero. 

4. Gain error terms specified for inputs applied through buffer amplifiers (i.e., ±1 or±IR pins). 

5. Input stage specifications at +1 and -I inputs for 3652 unless otherwise noted. 

6. Continuous rating is 1/3 pulse rating. 

7. Load current is drawn from one supply lead at a time other supply current at quiescent level, for 3652 add 0.2mA/V of pos CMV. 

8. dT/dt > 1°C/minute below 0°C, and long-term storage above 100°C is not recommended. Also limit the repeated thermal cycles to be 
within the 0°C to 85°C temperature range. 



MECHANICAL 



“+” denotes missing pins. 

Pin numbers shown 
for reference only 
Numbers may not be 
marked on package. 

NOTE: 

Leads in true position 
within 0.010" 

(0.25mm )R at MMC at 
seating plane. 




3-34 










Rejection (dB) Distortion <%) £ Supply Current imAi 


TYPICAL PERFORMANCE CURVES 

Typical at 25°C and ±15VDC power supplies unless otherwise noted. 


INPUT STAGE SUPPLY CURRENT ISOLATION LEAKAGE CURRENT 


NORMALIZED LINEARITY 


VS. OUTPUT VOLTAGE 




3650 COMMON-MODE 
AND ISOLATION-MODE 
REJECTION VS. GAIN 



! Isolation-mode Rejection 

““- i Common-mode Rejection 


VS. ISOLATION VOLTAGE 



For 3652 at v+ 

DISTORTION VS. FREQUENCY 



13 10 3 

Frequency i kHz> 

3652COMMON-MODE 
AND ISOLATION-MODE 
REJECTION VS. GAIN 



10 100 1000 
Gain 

Isolation-mode Rejection 

1 Common-mode Rejection 



Isolation Voltage (±kVi 


GAIN ERROR VS. FREQUENCY 


0 25 50 

Temperature < 



REJECTION VS. FREQUENCY 



REJECTION VS. 
RESISTOR IMBALANCE 



PHASE SHIFT VS. FREQUENCY 


Input Reisitor Imbalance 

— Rgi or * G2 
Rgi + Rg2 Rgi + Rg2 

OUTPUT VOLTAGE SWING 
VS. INPUT SUPPLY VOLTAGE 



/ 25 " C w?- 

4 / 

*7 

V 

/ 

/ 

rr 

o°c 

/ A 

' Guarante 
/ lin. at Out| 
j Supply ±1 

ed 

put 

5V 

i 


±5 ±10 ±15 

Input Supply Voltage i V i 


OUTPUT VOLTAGE AND 
GAIN ERROR VS. TIME 



Time of Operation (Hours) 



DEFINITIONS 

ISOLATION-MODE VOLTAGE, V IS0 

The isolation-mode voltage is the voltage which appears 
across the isolation barrier, i.e., between the input 
common and the output common, (See Figure 1.) 

Two isolation voltages are given in the electrical specifi- 
cations; “rated continuous” and “test voltage”. Since it is 
impractical on a production basis to test a “continuous” 
voltage (infinite test time is implied), it is generally 
accepted practice to test at a significantly higher voltage 
for some reasonable length of time. For the 3650 and the 
3652 the “test voltage” is equal to 1000V plus two times 
the “rated continuous” voltage. Thus, for a continuous 
rating of 2000 V each unit is tested at 5000V. Specifically, 
each unit is tested with a 60Hz 5000V peak sine wave with 
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FIGURE I. Illustration of Isolation-mode and Common- 
mode Specifications. 





an acceptance criteria of 3. 7ju A maximum leakage current 
Ii (equivalent to 0.25/u A at 240V/ 60Hz). 

COMMON-MODE VOLTAGE, V CM 

The common-mode voltage is the voltage midway between 
the two inputs of the amplifier measured with respect to 
input common. It is the algebraic average of the voltage 
applied at the amplifiers’ input terminals. I n the circuit in 
Figure 5, (V+ + V_)/2 = V CM - (Note: Many applications 
involve a large system “common-mode voltage.” Usually 
in such cases the term defined here as “V ( M ” is negligible 
and the system “common-mode voltage” is applied to the 


amplifier as “Viso” in Figure 1.) 

ISOLATION-MODE REJECTION 

The isolation-mode rejection is defined by the equation in 
Figure 1. The isolation-mode rejection is not infinite 
because there is some leakage across the isolation barrier 
due to the isolation resistance and capacitance. 

NONLINEARITY 

Nonlinearity is specified to be the peak deviation from a 
best straightline, expressed as a percent of peak-to-peak 
full scale output (i.e.. ±IOmV at 20V p-p ** 0 . 050 ). 


THEORY OF OPERATION 


Prior to the introduction of the 3650 family optical 
isolation had not been practical in linear circuits. A single 
LED and photodiode combination, while useful in a 
wide range of digital isolation applications, has funda- 
mental limitations - primarily nonlinearity and instability 
as a function of time and temperature. 

The 3650 and 3652 use a unique technique to overcome 
the limitations of the single LED and photodiode isolator. 
Figure 2 is an elementary equivalent circuit for the 3650 
which can be used to understand the basic operation 
without consideration the cluttering details of offset 
adjustment and biasing for bipolar operation. 



FIGURE 2. Simplified Equivalent Circuit of Linear 
Isolator, 


Two matched photodiodes are used— one in the input 
(CRi) and one in the output stage (CR;) - - to greatly 
reduce nonlinearities and time - temperature instabilities. 
Amplifier Ai , LED CRi , and photodiode CR 3 are used in 
a negative feedback configuration such that L = I in , R<; 
(where R<; is the user supplied gain setting resistor). Since 
CR 2 and CR 3 are closely matched and since they receive 
equal amounts of light from the LED CRi (i.e., \i = A 2 ), 
1 : =1, - I in . Amplifier A: is connected as a current-to- 
voltage converter with V ou , = L Rk where Rk is an 
internal 1MH scaling resistor. Thus the overall transfer 
function is: 

Vout = V in (R(, in ohms ) 


This improved isolator circuit overcomes the primary 
limitations of the single LED and photodiode combin- 
ation. The transfer function is now virtually independent 
of any degradation in the LED output as long as the tw o 
photodiodes and optics are closely matched*. Linearity is 
now a function of the accuracy of the matching and is 
further enhanced by the use of negative feedback in the 
input stage. Advanced laser trimming techniques are 
used to further compensate for residual matching errors. 


*The only effect of decreased LED output is a slight 
decrease in full scale swing capability. See Typical 
Performance Curves. 


+ V CC - v cc 



FIGURE 3. Simple Model of 3650. 

A model of the 3650 suitable for simple circuit analysis is 
shown in Figure 3. The output is a current dependent 
voltage source,' Vu, whose value depends on the input 
current. Thus, the 3650 is a transconductance amplifier 
with a gain of one volt per microamp. When voltage 
sources are used the input current is derived by using gain 
setting resistors in series with the voltage source (see 
Installation and Operating Instructions for details). R in is 
the differential input impedance. The common-mode and 
isolation impedances are very high and are assumed to be 
infinite for this model. 
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A simplified model of the 3652 is shown in Figure 4. The 
isolation and output stages are identical to the 3650. 
Additional input circuitry consisting of FET buffer 
amplifiers and input protection resistors have been added 
to give higher differential and common-mode input 
impedance (10 N ff), lower bias currents (50pA) and 
overvoltage protection. The +IR and -1R inputs have a 
10msec pulse rating of 6000V differential and 3000V 
common-mode (see Definitions for a discussion of 
common-mode and isolation-mode voltages.) The ad- 
dition of the buffer amplifiers also creates a voltage-in 
voltage-out transfer function with the gain set by R(;i and 


INSTALLATION & OPERATING INSTRUCTIONS 



POWER SUPPLY CONNECTIONS 

The power supply connections for the 3650 and 3652 are 
shown in Figure 5. When a DC / DC converter is used for 
isolated power it is placed in a parallel with the isolation 
barrier of the amplifier. This can lower the isolation 
impedance and degrade the isolation-mode rejection of 
the overall circuit. Therefore, a high quality, low leakage 
DC/ DC converter such as the Burr-Brown Model 722 
should be used. 



FIGURE 5. Power and Offset Adjust Connections. 


OFFSET VOLTAGE ADJUSTMENTS 

The offset nulling circuits are identical for the 3650 and 
3652 and are shown in Figure 5. The offset adjust 
circuitry is optional and the units' will meet the stated 
specifications with the BAL terminals unconnected. 
Provisions are available to null both the input and output 
stage offsets. If the amplifier is operated at a fixed gain, 
normally only one adjustment will be used; the output 
stage ( 1 OkO adjustment) for low gains and the input stage 
(50k(l adjustment) for high gains. (>10). 

Use the following procedure if it is desired to null both 
input and output components(forexample, if the gain of 
the amplifier is to be switched). The input stage offset is 
first nulled (50kO adjustment) with the appropriate input 
signal pins connected to input common and the amplifier 
set at its maximum gain. The gain is then set to its 


minimum value and the output offset is nulled (10kO 
adjustment). 

INPUT CONFIGURATIONS 

Some possible input configurations for the 3650 and 3652 
are shown in Figures 6a, 6b, 6c. Differential input sources 
are used in these examples. For situations with non- 
differential inputs the appropriate source term should be 
set to zero in the gain equations and replaced with a short 
in the diagrams. 

Figure 6a shows the 3650 connected as a transconductance 
amplifier with input current sources. Voltage sources are 
shown in Figure 6b. In this case the voltages are 
converted to currents by R(,i and R (l :. As shown by the 
equations, they perform as gain setting resistors in the 
voltage transfer function. When a single voltage source is 
used it is recommended (but not essential) that the gain 
setting resistor remain split into two equal halves in order 
to minimize errors due to bias currents and common- 
mode rejection (see Typical Performance Curves). 

Figure 6c illustrates the connections for the 3652 when 
the FET buffer amplifiers Ai and A: are used. This 
configuration provides an isolation amplifier with high 
input impedance (both common-mode $nd differential) 
and good common-mode and isolation-mode rejection. 
It is a true isolated instrumentation amplifier which has 
many benefits for noise rejection when source impedance 
imbalances are present. 

In the 3652 the voltage gain of the buffer amplifiers is 
slightly less than unity, but the gain of the output stage 
has been raised to compensate for this so that the overall 
transfer function from the ±1 or ±1 R inputs to the output 
is correct. It should be noted that Ai and A 2 are buffer 
amplifiers. No summing can be done at the ±1 or ±IR 
inputs. Figure 6c shows the +1 and -I inputs used. If more 
input voltage protection is desired, then the +1 R and — I R 
inputs should be used. This will increase the input noise 
due to the contribution from the 1 .6MO resistors, but will 
provide additional differential and common-mode pro- 
tection ( 1 0msec rating of 3k V). 
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FIGURE 6a. 3650 With Differential Current Sources. 



FIGURE 6b. 3650 With Differential Voltage Source. 



FIGURE 6c. 3652 with Differential Voltage Source. 


*1MRR here is in pA/ V, typically 5pA/ V at 60Hz and 1 pA / V at DC. 
**The offset adjustment circuitry and power supply connections have been 
omitted for simplicity. Refer to Figure 5 for details. 


ERROR ANALYSIS 


A model of the 3650 suitable for DC error analysis of 
offset voltage, voltage drift versus temperature, bias 
current, etc., is shown in Figure 7. 



FIGURE 7. DC Error Analysis Model for 3650. 


Ai and A 2 , the input and output stage amplifiers, are 
considered to, be ideal. Separate external generators are 
used to model the offset voltages and bias currents. R in is 
assumed to be small relative to R (i i and R (>2 and is 
therefore omitted from the gain equation. The feedback 
configuration, optics and component matching are such 
that Ii = I 2 = 1 3 = U. A simple circuit analysis gives the 
following expression for the total output error voltage 
due to offset voltages and bias currents. 

1 o 6 ( 0 

Vout-total — R (jl -f R ( . 2 [Eom + (1b1 R(il "Ib 2 R( j2 )] + E oso 

Offset current is defined as the difference between the 
two bias currents Ibi and Ib 2 . If l»i = Ii*and Ib 2 = Ib + Us, 

10 6 Ios 

then, for R ( ,i = R (i2 , V„ ul -Ib = — — . 

This component of error is not a function of gain and is 
therefore included as a part of E oso specifications. The 
output errors due to the output stage bias current are also 
included in E 4 »„.This results in a very simple equation for 
the total error: 

10 6 E ( ,si . _ (2) 


V out-total 


2R(,i 


+ Eoso (for Rcw = R (i2 ) . 


In summary it should be noted that equation (2) should 
be used only when R ( ;i = Re;:. When Rci 1 ^ R 02, 
equation ( 1 ) applies. 

The effects of temperature may be analyzed by replacing 
the offset terms with their corresponding temperature 
gradient terms: 

Vou,~A V ou „ AT, Eom -A Eos,. AT, etc. 

For a complete analysis of the effects of temperature, 
gain variations must also be considered. 


OUTPUT NOISE 

The total output noise is given by 
E„ (RMS) = %/(E»i G) J + (E n o/ 
where E n (RMS) = total output noise 

E„i = RMS noise of the input stage 
E n o = RMS noise of the output stage 
G = 10 6 (R (i , + R (i2 ) 

E n o includes the noise contribution due to the optics and 
the noise currents of the output stage. Errors created by 
the noise current of the input stage are insignificant 
compared to other noise sources and are therefore 
omitted. 


COMMON-MODE and ISOLATION-MODE 
REJECTION 

The expression for the output error due to common- 
mode and isolation mode voltage is: 

V cm , Vi si , 

Vom “ 0 ' CMRR + IMRR • 
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GUARDING & PROTECTION 

To preserve the excellent inherent isolation characteristics 
of these amplifiers, the following recommended practice 
should be noted: 

1. Use shielded, twisted pair of cable at the input as 
with any instrumentation amplifier; 

2. Care sould be taken to minimize external capaci- 
tance. A symmetrical layout of external components 
to achieve balanced capacitance from the input 
terminals to output common will preserve high IM R; 

3. External components and conductor patterns should 
be at a distance equal to or greater than the distance 
between the input and output terminals, to prevent 
HV breakdown. 

4. Though not an absolute requirement, the use of 
laminated or conformally coated printed circuit 
boards is recommended. 

APPLICATIONS 


Figure 8 shows a system where isolation amplifiers (3650) 
are used to measure the armature current and the 
armature voltage of a motor. 



FIGURE 8. Isolated Armature Current and Voltage 
Sensor. 


The armature current of the motor is converted to a 
voltage by the calibrated shunt R, and then amplifier 
(adjustable gain) and isolated by the 3650. 

The armature voltage is sensed by the voltage divider 
(adjustable) shown and then amplified and isolated by 
the-3650. 

The 3650 provides the advantage of accurate current 
measurement in the presence of high common-mode 
voltage. Both 3650’s provide the advantage of isolating 
the motor ground from the control system ground. 
Isolated power is provided by an isolated DC/ DC 
converter (BB Model 722 or equivalent). 



FIGURE 9. 3652 Used in Patient Monitoring 

Application (ECG, VCG, EMG Amplifier). 


The 3652 is ideally suited for patient monitoring appli- 
cations as shown in Figure 9. The fact that it is a true 
balanced input instrumentation amplifier with very high 
differential and common-mode inpedance means that it 
can greatly reduce the common-mode noise pick up due 
to imbalance in lead impedances that often appear in 
patient monitoring situations. The 3kV and 6kV shown 
in Figure 9 are the 10msec pulse ratings of the -HR and 
-IR inputs for the common-mode and differential input 
voltages with respect to input common. The rating of the 
isolation barrier is 2000V, pk continuous. The non- 
recurrent pulse rating of the isolation barrier is 5000V, pk 
since each unit is factory tested at 5000V, pk. If the 
isolation barrier is to be subjected to higher voltages a gas 
filled surge voltage protection device can be used. For 
multichannel operation, two 3562’s can be powered by 
one Model 722 isolated DC/ DC converter. The total 
leakage current for both channels at 240V/ 60Hz would 
still be less than 2/j.A. 

The block diagram in E'igure 10 shows the use of isolation 
amplifiers in SCR control application. 



FIGURE 10. 3-Phase Bidirectional SCR Control with 


Voltage Feedback. 
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Integrated Circuit - Transformer Coupled 
ISOLATION AMPLIFIER 


FEATURES 

• INTERNAL ISOLATED POWER 

• 8000V ISOLATION TEST VOLTAGE 

• 0.5mA MAX LEAKAGE AT 120V. 60Hz 

• 3-PORT ISOLATION 

• 1 25dB REJECTION AT 60Hz 

• l x 1 " x 0.25" CERAMIC PACKAGE 

DESCRIPTION 

The 3656 is the first amplifier to provide a total 
isolation function ... both signal and power isolation 
... in integrated circuit form. This remarkable ad- 
vancement in analog signal processing capability is 
accomplished by use of a patented modulation 
technique and minature hybrid transformer. 
Versatility and performance are outstanding features 
of the 3656. It is capable of operating with three 


APPLICATIONS 

• MEDICAL 

Patient monitoring and diagnostic 
instrumentation 

• INDUSTRIAL 

Ground loop elimination and off-ground 
signal measurement 

• NUCLEAR 

Input/output/power isolation 


completely independent grounds (three-port isola- 
tion). In addition, the isolated power generated is 
available to power external circuitry at either the 
input or output. The uncommitted op amps at the 
input and the output allow a wide variety of closed- 
loop configurations to match the requirements of 
many different types of isolation applications. 



This product is covered by the following United States patents: 4,066,974; 4,103,267; 4, 082,908. Other patents pending may also apply upon the 
allowance and issuance of patents thereon. The product may also be covered in other countries by one or more international patents 
corresponding to the above-identified U S. patents. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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THEORY OF OPERATION 


Details of the 3656 design are shown in Figure 1. The 
external connections shown, place it in its simplest gain 
configuration - unity gain, noninverting. Several other 
amplifier gain configurations and power isolation 
configurations are possible. See Installation and 
Operating Instructions and Applications sections for 
details. 

Isolation of both signal and power is accomplished with a 
single miniature toroid transformer with multiple 
windings. A pulse generator operating at approximately 
750kHz provides a two-part voltage waveform to 
transformer Tl. One part of the waveform is rectified by 
diodes Di through D 4 to provide the isolated power to 
the input and output stages (+V, -V and V+, V-). The 
other part of the waveform is modulated with input signal 
information by the modulator operating into the W 2 
winding of the transformer. 

The modulated signal is coupled by windings W„'and W- 
to two matched demodulators - one in the input stage and 
one in the output stage - which generate identical voltages 
at their outputs, pins 10 and 1 1 (voltages identical with 
respect to their respective commons, pins 3 and 1 7). In the 
input stage the input amplifier A 1 , the modulator and the 
input demodulator are connected in a negative feedback 
loop. This forces the voltage at pin 6 (connected as shown 


in Figure 1) to equal the input signal voltage applied at 
pin 7. Since the input and the output demodulators are 
matched and produce identical output voltages, the 
voltage at pin 11 (referenced to pin 17, the output 
common) is equal to the voltage at pin 10 (referenced to 
pin 3, the input common). In the output stage, output 
amplifier A 2 is connected as a unity gain buffer, thus the 
output voltage at pin 15 equals the output demodulator 
voltage at pin 1 1. The end result is an isolated output 
voltage at pin 15 equal to the input voltage at pin 7 with 
no galvanic connection between them. 

Several amplifier and power connection variations are 
possible: 

1. The input stage may be connected in various 
operational amplifier gain configurations. 

2. The output stage may be operated at gains above unity. 

3. The internally generated isolated voltages which 
provide power to Ai and A 2 may be overridden and 
external supply voltages used instead. 

Versatility and its three independent isolated grounds 
allow simple solutions to demanding analog signal 
conditioning problems. See the Installation and 
Operating Instructions and Applications sections for 
details. 



FIGURE I. Block Diagram. 
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SPECIFICATIONS 

ELECTRICAL 


At 25°C, V± = ±15V and 15V between P+ and P-, unless otherwise noted. 


PARAMETER 

CONDITIONS 


UNITS 

MIN 

TYP 

MAX 

I ISOLATION | 

Voltage 




. 


Rated Continuous^), DC 


3500 (1000) 



VDC 

Rate Continuous(2), AC 


2000 (700) 



V, rms 

Test, lOsecO) 


8000 (3000) 



VDC 

Rejection 

Gi = 10V/V 





DC 



160 


dB 

60Hz, < 100H in I/P Com(2) 



125 


dB 

60Hz, 5kft in I/P Com(2) 






3656HG 


108 



dB 

3656 AG, BG, JG, KG 


112 



dB 

Capacitance(i) 



60(6.3) 


PF 

Resistance^) 



10 12 (10 12 ) 

• 

n 

Leakage Current 

120V, 60Hz 


0.28 

0.5 

mA 

| GAIN S 

Equations 

See Text 





Accuracy of Equations 






InitialO) 3656HG 

G < 100V/V 



1.5 

% 

3656AG, JG, KG 




1.0 

% 

3656BG 




0.3 

% 

vs. Temperature 3656HG 




480 

ppm/°C 

3656AG, JG 




120 

ppm/°C 

3656BG, KG 




60 1 

ppm/°C 

vs. Time 



0.02 (1 + log khrs.) 


% 

Nonlinearity 

Ra + Rf = Rb^ 2MO 





External Supplies used at 






pins 12 and 16, 3656HG 

Unipolar or Bipolar Output 



±0.15 

% 

3656AG, JG, KG 




±0.1 

% 

3656BG 




±0.05 

% 

Internal Supplies used for 

Bipolar Output Voltage 





Output Stage 

Swing, Full Load(4) 


±0.15 


% 

OFFSET VOLTAGE(5) 

RTI 




InitialO), 3656HG 

15Vp between P+ and P- 



±|4 + 40/Gi)| 

mV 

3656 AG, JG 




±[2 + (20/Gi)| 

mV 

3656BG, KG 




±|1 + (10/Gi)| 

mV 

vs. Temperature, 3656HG 




±|200 + ( 1000/Gi ) | 

M v/°c 

3656JG 




±|50 + (750/Gi)| 

m V/° C 

3656AG 




±[25 + (500/Gi )] 

M v/°c 

3656KG 




±| 10 + (350/Gi ) | 

M v/°c 

3656BG 




±|5 + (350/Gi ) | 

mV/°C 

vs. Supply Voltage 

Supply between P+ and P- 





3656HG 




±| 0.6 + ( 3.5/Gi ) | 

mV/V 

3656 AG, BG, JG, KG 




±| 0.3 + (2.1/Gi )J 

mV/V 

vs. CurrentO) 



±|0.1 + ( 1 0/Gi ) | 

±[0.2 + (20/Gi )] 

mV/mA 

vs. Time 



±| 10 + ( 1 00/ G i )| x 






(1+ log khrs.) 


M V 

AMPLIFIER PARAMETERS 

Apply to A1 and A2 




Bias Current^) 






Initial 




100 

nA 

vs. Temperature 



0.5 


nA/°C 

vs. Supply 



0.2 


nA/V 

Offset Current!?) 



5 

20 

nA 

Impedance 

Common-mode 


100 || 5 


MO || pF 

Input Noise Voltage 

f B = 0.05Hz to 100Hz 


5 


mV, p-p 


f B = 10Hz to 10kHz 


5 


mV, rms 

Input Voltage RangeO) 






Linear Operation 

Internal Supply 



±5 

V 


External Supply 



Supply -5V 

V 

Without Damage 

Internal Supply 



±8 

V 


External Supply 



Supply 

V 

Output Current 

Vout = ±5V 






±15V External Supply 

±5 



mA 


Internal Supply 

±2.5 



mA 


Vout = ±10V 






±15V External Supply 

±2.5 



mA 


Vout = ±2V, Vp+, p-=8.5V 






Internal Supply 


±1 


mA 

Quiescent Current 



150 

450 

m A 
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ELECTRICAL (CONT) 

At 25°C. V+ = ±15V and 15V between P+ and P-. unless otherwise noted. 


PARAMETER 

CONDITIONS 

3656AG, BG, HG, JG, KG 

UNITS 

MIN 

TYP 

MAX 

| FREQUENCY RESPONSE | 

±3dB Response 

Small Signal 


30 


kHz 

Full Power 



1.3 


kHz 

Slew Rate 

Direction measured at output 

+0.1.-0.04 



V//usec 

Settling T ime 

to 0.05% 


500 


id sec 

(OUTPUT 1 

Noise Voltage (RTI ) 

fB.= 0.05Hz to 100Hz 


n/'5 2 + ■ 22/Gi - 2 


/uV, p-p 


fB - 10Hz to 10kHz 


n/. 5 2 + ■ 1 1/Gi 2 


mV, rms 

Residual RippleO) 




5 

mV, p-p 

POWER SUPPLY IN, 

at P+, P- pins 19 and 20 





Rated Performance 



15 


VDC 

Voltage RangeUO) 

Derated Performance 

8.5 


16 

VDC 

Ripple Currents) 



10 

25 

mA, p-p 

Quiescent CurrentPO 

Average 


14 

18 

mA, DC 

Current vs. Load Currents) 

vs. Currents from +V, -V, V+, V- 


0.7 


mA/mA 

ISOLATED POWER OUT 

at +V, -V. Y+, V- pins 





Voltage, no load 

15V between P+ and P- 

8.5 

9.0 

9,5 

V 

Voltage, full load 

±5mA (10mA sum / load 02) 

7.0 

8.0 

9.0 

V 

Voltage vs. Power Supply 

vs. Supply between P+ and P- 


0.66 


v/v 

Ripple VoltageO) 






No load 



40 


mV, p-p 

Full load 

±5mA load 


80 

200 

mV, p-p 

TEMPERATURE RANGE \ 

Specification 3656AG, BG 


-25 


+85 

°C 

3656HG, JG, KG 


0 


+70 

°C 

Operation(iO) 


-55 


+ 100 

°C 

Storage! 1 3) 


-65 


+125 

°C 



NOTES: 


1 . Ratings in parenthesis and between P- i pin 20/ and O/P Com (pin 17'. 
Other isolation ratings are between I/P Com and O/P Com or I/P Com 

and P-. 

An example of the ratings for 3-port continuous isolation. j 



MECHANICAL 


t 



CASE: Ceramic 

MATING CONNECTOR: None 

WEIGHT: 10 grams (0.35 oz.i 

PINS: Pin material and plating 
composition conform to 
method 2003 (solderability i of 
MIL-STD-883 (except 
paragraph 3.2). 




NOTE: 

An accessory part which provides 
both magnetic and electrostatic 
shielding is available. 

Order Number: 100MS 
Size: 1.2" x 1.2" x 0.6" 

Leads in true 
position within 
0.01" (0.25mm) 

R at MMC at 
seating plane. 


2. May be improved with proper shielding. See Performance Curves. 

3. May be trimmed to zero. 

4. If output swing is unipolar, or if the output is not loaded, specification 
same as if external supply were used. 

5. Includes effects of Ai and A 2 offset voltages and bias currents if 
recommended resistors used. 

6. Versus the sum of all external currents drawn from V+, V-, +V, -V i =liso > . 

7. Effects of Ai and A 2 bias currents and offset currents are included in 
Offset Voltage specifications. 

8. With respect to I/P Com (pin 3) for Ai and with respect to O/P Com 
(pin 17) for A 2 . CMR for Ai and A 2 is lOOdB, typical. 

9. In configuration of Figures. Ripple frequency approximately 750kHz. 

Measurement bandwidth is 10MHz. ' 

10. Decrease linearly from 16VDC at 85°C fo 12VDC at 100°C. 

11. Instantaneous peak current required from pins 19 and 20 at turn-on is 
100mA for slow rising voltages ( 50msec 1 and 300mA for fast rises 
(50Mseo. 

12. Load current is sum drawn from +V, -V, V+, V- ( =hso ) ■ 

13. Isolation ratings may degrade if exposed to 125°C for more than 1000 
hours or 90°C for more than 50,000 hours. 


PIN DESIGNATIONS 


1 

+V 

11 

OUTPUT DEMOD 

2 

MOD INPUT 

12 

V- 

3 

INPUT DEMOD COM 

13 

A 2 NONINVERTING INPUT 

4 

-V 

14 

A 2 INVERTING INPUT 

5 

BALANCE 

15 

A 2 OUTPUT 

6 

Ai INVERTING INPUT 

16 

V,+ 

7 

Ai NONINVERTING INPUT 

17 

OUTPUT DEMOD COM 

8 

BALANCE 

18 

NO PIN 

9 

Ai OUTPUT 

19 

P+ 

10 

INPUT DEMOD 

20 

P- 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

The 3656 is a very versatile device capable of being used in 
a variety of isolation and amplification configurations. 
There are several fundamental considerations that 
determine configuration and component value 
constraints: 

1. Consideration must be given to the load placed on the 
resistance (pin 10 and pin 11) by external circuitry. 
Their output resistance is lOOkd and a load resistor of 
2MO or greater is recommended to prevent a voltage 
divider loading effect in excess of 5%. 

2. Demodulator loadings should be closely matched so 
their output voltages will be equal. (Unequal 
demodulator output voltages will produce a gain 
error.) At the 2MO level, a matching error of 5% will 
cause an additional gain error of 0.25%. 

3. Voltage swings at demodulator outputs should be 
limited to 5V. The output may be distorted if this limit 
is exceeded. This constrains the maximum allowed 
gains of the input and output stages. Note that the 
voltage swings at demodulator outputs are tested with 
2MH load for a minimum of 5V. 

4. Total current drawn from the internal isolated supplies 
must be limited to less than ±5mA per supply and 
limited to a total of 10mA. In other words, the 
combination of external and internal current drawn 
from the internal circuitry which feeds the +V, -V, V+ 
and V- pins should be limited to 5mA per supply (total 
current to TV, -V, V+ and V- limited to 10mA). The 
internal filter capacitors for ±V are O.OljuF. If more 
than 0.1mA is drawn to provide isolated power for 
external circuitry (see Figure 12), additional 
capacitors are required to provide adequate filtering. 
A minimum of 0.1/uF/mA is recommended. 

5. The input voltage at pin 7 (noninverting input to Ai ) 
must not exceed the voltage at pin 4 (negative supply 
voltage for Ai in order to prevent a possible lockup 
condition. A low leakage diode connected between 
pins 7 and 4, as shown in Figure 2, can be used to limit 
this input voltage swing. 

6. Impedances seen by each amplifier’s + and - input 
terminals should be matched to minimize offset 
voltages caused by amplifier input bias currents. Since 
the demodulators have a lOOkH output resistance, the 
amplifier input not connected to the demodulator 
should also see lOOkH. 

7. All external filter capacitors should be mounted as 
close to the respective supply pins as is possible in order 
to prevent excessive ripple voltages on the supplies or 
at the output. (Optimum spacing is less than 0.5". 
Ceramic capacitors recommended.) 

POWER AND SIGNAL 
CONFIGURATIONS 

NOTE: Figures 2, 3 and 4 are used to illustrate both 
signal and power connection configurations. In the 
circuits shown, the power and signal configurations are 
independent so that any power configuration could be 


used with any signal configuration. 

ISOLATED POWER CONFIGURATIONS 

The 3656 is designed with isolation between the input, the 
output, and the power connections. The internally 
generated isolated voltages supplied to A, and A : may be 
overridden with external voltages greater than the 
internal supply voltages. These two features of 3656 
provide a great deal of versatility in possible isolation and 
power supply hook-ups. When external supplies are 
applied, the rectifying diodes (D, through D 4 )are reverse 
biased and the internal voltage sources are decoupled 
from the amplifiers (see Figure 1). Note that when 
external supplies are used, they must never be lower than 
the internal supply voltage. 

Three-Port 

The power supply connections in Figure 2 show the full 
three-port isolation configuration. The system has three 
separate grounds with no galvanic connections between 
them. The two external 0.47/uF capacitors at pins 12 and 
16 filter the rectified isolated voltage at the output stage. 
Filtering on the input stage is provided by internal 
capacitors. In this configuration continuous isolation 
voltage ratings are: 3500V between pins 3 and 17; 3500V 
between pins 3 and 19; 1000V between pins 17 and 19. 



Signal: Unity-gain Noninverting. 

Two-Port - Bipolar Supply 

Figure 3 shows two-port isolation which uses an external 
bipolar supply with its common connected to the output 
stage ground (pin 17). One of the supplies (either + or - 
could be used) provides power to the pulse generator 
(pins 19 and 20). The same sort of configuration is 
possible with the external supplies connected to the input 
stage. With the connection shown, filtering at pins 12 and 
16 is not required. In this configuration continuous 
isolation voltage rating is: 3500VDC between pins 3 and 
17; not applicable between pins 17 and 19; 3500VDC 
between pins 3 and 19. 




Signal: Noninverting Gain. 


Two-Port - Single Supply 

Figure 4 demonstrates two-port isolation using a single 
polarity supply connected to the output common (pin 
17). The other polarity of supply for A 2 is internally 
generated (thus the filtering at pin 12). This isolated 
power configuration could be used at the input stage as 
well and either polarity of supply could be employed. In 
this configuration continuous isolation voltage rating is: 
3500V between pins 3 and 17; 3500V between pins 3 and 
19; not applicable between pins 17 and 19. 



FIGURE 4. Power: Two-port, Single Supply; 
Signal: Inverting Gains. 


SIGNAL CONFIGURATIONS 
Unity Gain Noninverting 

The signal path portion of Figure 2 shows the 3656 in its 
simplest gain configuration: unity gain noninverting. The 
two lOOkO resistors provide balanced resistances to the 
inverting and noninverting inputs of the amplifiers. The 
diode prevents latch up in case the input voltage goes 
more negative than the voltage at pin 4. 


Noninverting With Gain 

The signal path portion of Figure 3 demonstrates two 
additional gain configurations: gain in the output stage 
and noninverting gain in the input stage. The following 
equations apply: 


Total amplifier gain: 

G = G, G: = V ol - t/Vin (1) 

Input Stage: 

Gi = 1 + (Rf R \) (Select Gr to be less than 
5 V /full scale Vin to limit demodulator output 
to 5V) (2) 

Ra + R f ^ 2MO (Select to load input 
demodulator with at least 2Mfl) (3) 


Rc = Ra II (Rp+ lOOkH) = 


Ra (Rf + lOOkO) 


Ra + Rf + lOOkfl 


(Balance impedances seen by the + and - inputs 
of Ai to reduce input offset caused by bias 
current) (4) 


Output Stage: 

G: = 1 + (R x / R k) (Select ratio to obtain V ()l 1 
between 5V and 10V full scale with Vis at its 
maximum) (5) 

Rx || Rk = lOOkO (Balance impedances seen 
by the + and - inputs of A: to reduce effect 
of bias current on the output offset) (6) 

Rb = R \ + Rf (Load output demodulator 
equal to input demodulator) (7) 


Inverting Gain, Voltage or Current Input 

The signal portion of Figure 4 shows two possible 
inverting input stage configurations: current input and 
voltage input. 

•Input Stage: 

For the voltage input case: 

Gi = -Rf/Rs (Select Gi to be less than 

( 8 ) 
(9) 


( 10 ) 


5 V/ full scale Vin to limit the demodulator 
output voltage to 5V) 

Rf = 2MH (Select to load the demodulator 
with at least 2MH) 


Rc = Rs || (Rf + lOOkO) - 


Rs (Rf + lOOkO) 


Rs + Rf + lOOkfl 

(Balance the impedances seen by the + and 
- inputs of Ai.) 
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For the current input case: 

Vout — - 1 1 n Rr • G: (11) 

Rc - Rr (12) 

Rf may be made larger than 2MH if desired. The lOpF 
capacitors are used to compensate for the input 
capacitance of Ai and to insure frequency stability. 

Output Stage: 

The output stage is the same as shown in equations (5), 
(6), and (7). 

Illustrative Calculations: 

The maximum input voltage is lOOmV. It is desired to 
amplify the input signal for maximum accuracy. 
Noninverting output is desired. 

Input Stage: 

Step 1 

“GTmax - 5V/Max Input Signal = 5V/0.1V = 50V/V 
With the above gain of 50V/ V, if the input ever exceeds 
lOOmV, it would drive the output to saturation. 
Therefore, it is good practice to allow reasonable input 
overrange. 

So, to allow for 25% input overrange without saturation 
at the output, select 
Gi = 40 V / V 
G, = 1'+(R f /Ra) = 40 

.*• Rf/Ra = 39 (13) 

Step 2 

Ra + Rf forms a voltage divider with the lOOkH output 
resistance of the demodulator. To limit the voltage 
divider loading effect to no more than 5%, R A 4- R F 
should be chosen to be at least 2MH. For most 
applications, the 2MH should be sufficiently large for R A 
-I- Rf. Resistances greater than 2MH may help decrease 
the loading effect, but would increase the offset voltage 
drift. 

The voltage divider with R A + Rf = 2Mfl is 2M Cl/ (2MH 
+ lOOkfl) = 2/(2 + 0. 1) = 95.2%, i.e., the percent loading 
is 4.8% 

Choose Ra + Rf = 2MH (14) 

Step 3 

Solving equations (13) and (14) 

Ra = 50kH and R F = 1.95MO 
Step 4 

The resistances seen by the + and - input terminals of the 
input amplifier Al should be closely matched in order to 
minimize offset voltage due to bias currents. 

Rc - Ra II (Rf + lOOkH) 

= 50kn II (1.95MH + lOOkH) 

= 49kO 
Output Stage: 

Step 5 

Vout — Vin max ’ Gi * G2 

As discussed in Step 1, it is good practice to provide 25% 
input overrange. 


So we will calculate G 2 for 10V output and 125% of the 

maximum input voltage. 

••• Vout = (1.25x0. 1)(G,)(G 2 ) 
i.e., 10V = 0.125 x 40 x G 2 
••• G 2 - 10V/5V = 2V/V 

Step 6 

G 2 — 1 + (R x/ Rk) = 2.0 

Rx/Rk = 1.0 

Rx = Rk (15) 

Step 7 

The resistance seen by the + input terminal of the output 
stage amplifier A 2 (pin 1 3) is the output resistance lOOkH 
of the output demodulator. The resistance seen by the 
- input terminal of A 2 (pin 14) should be matched to the 
resistance seen by the + input terminal. 

The resistance seen by pin 14 is the parallel combination 
of Rx and Rk. 

•• Rx || Rk = lOOkH 
i.e., (Rx • Rk/(Rx + Rk) = lOOkH 
i.e., Rk/[1 + (Rk/Rx)] = lOOkH (16) 

Step 8 

Solving equations (15) and (16) Rk = 200kH and 
Rx = 200kH. 

Step 9 

The output demodulator must be loaded equal to the 
input demodulator. 

R b = Ra + Rf = 2MH 
(See equation (14) above in Step 2) 

Use the resistor values obtained in Steps 3, 4, 8 and 9, and 
connect the 3656 as shown in Figure 3. 

OFFSET TRIMMING 

Figure 5 shows an optional offset voltage trim circuit. It is 
important that R a + Rf = Rb. 

CASE 1: Input and output stages in low gain, use 
output potentiometer (R 2 ) only. Input poten- 
tiometer ( R 1 ) may be disconnected. For 
example, unity gain could be obtained by 
setting R a = Rb = 20MH, R ( = lOOkH, R, - 0, 
Rx= lOOkH, and R K = *. 

CASE 2: Input stage in high gain and output stage in 
low gain, use input potentiometer ( R 1 ) only. 
Output potentiometer (R 2 ) may be discon- 
nected. For example, Gi = 100 could be 
obtained by setting Rf = 2MH, R H = 2MH 
returned to pin 17, R a = 20kH, Rx = lOOkfl, 
and Rk = *. 

CASE 3: When it is necessary to perform a two-stage 
precision trim (to maintain a very small offset 
change under conditions of changing temper- 
ature and changing gain in Ai and A 2 ), use 
step 1 to adjust the input stage and step 2 for 
the output stage. Carbon composition resis- 
tors are acceptable but potentiometers should 
be stable. 


3-47 



Step 1: Input stage trim (Ra = Rt = 20kfl, Ri •• = R» = 

20MU, Rx = lOOkH, Rk = 3C , R: disconnected); 
Ai high, A 2 low gain. Adjust Ri forO/V ±5mV 
or desired setting at Vout, pin 15. 

Step 2: Output stage trim (Ra = Rb = 20MI1, Rc = 

lOOkH, R f = 0, Rx = lOOkH, R k = *, R> and 
R 2 connected); Ai low, A 2 low gain. Adjust R> 
for 0 V ± 1 mV or desired setting at Vout, pin 1 5 
(±1 lOmV approximate total range). 

Note: Other circuit component values can be used 

with valid results. 


APPLICATIONS 

ECG AMPLIFIER 

Although the features of the circuit shown in Figure 6 are 
important in patient monitoring applications, they may 
also be useful in other applications. The input circuitry 
uses an external, low quiescent current op amp (OPA21 
type) powered by the isolated power of the input stage to 
form a high impedance instrumentation amplifier input 
(true three-wire input). R* and R 4 give the input stage 
amplifier of the 3656 a noninverting gain of 10 and an 
inverting gain of -9. Ri and R: give the external amplifier 
a noninverting gain of 1 + 1/ 9. The inputs are applied to 
the noninverting inputs of the two amplifiers and the 
composite input stage amplifier has a gain of 10. 

The 330kfl, 1W, carbon resistors and diodes Di - D 4 
provide protection for the input amplifiers from de- 
fibrillation pulses. 

The output stage in Figure 6 is configured to provide a 
bandpass filter with a gain of 22.7 (68Mfl/3MO). The 
high-pass section (0.05Hz cutoff) is formed by the 1/uF 
capacitor and 3MO resistor which are connected in series 
between the output demodulator and the inverting input 
of the output stage amplifier. The low-pass section 
(100Hz cutoff) is formed by the 68Mfl resistor and 22pF 
capacitor located in the feedback loop of the output 
stage. The diodes provide for quick recovery of the high- 
pass filter to overvoltages at the input. The lOOkH pot 
and the 100MH resistor allow the output voltage to be 
trimmed to compensate for increased offset voltage 
caused by unbalanced impedances seen by the inputs of 
the output stage amplifier. 

In many modern electrocardiographic systems, the 
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patient is not grounded. Instead, the right-leg electrode is 
connected to the output of an auxiliary operational 
amplifier as shown in Figure 7. In this circuit, the 
common-mode voltage on the body is sensed by the two 
averaging resistors Ri and R 2 , inverted, amplified, and 
fed back to the right-leg through resistor R 4 . This 
negative feedback drives the common-mode voltage to a 
low value. The body’s displacement current i d does not 
flow to ground, but rather to the output circuit of A 3 . 
This reduces the pickup as far as the ECG amplifier is 
concerned and effectively grounds the patient. 


The value of R 4 should be as large as practical to isolate 
the patient from ground. The resistors R 3 and R 4 may be 
selected by these equations: 

R 3 = (Ri/2) (V„/Vcm) and R 4 = (V c m - V„)/i d 
(-10V < V 0 < +10V and -10V ^ V CM ^ +10V) 
where V 0 is the output voltage of A3 and V C m is the 
common-mode voltage between the inputs LA and RA 
and the input common at pin 3 of the 3656. 

This circuit has the added benefit of having higher 
common-mode rejection than the circuit in Figure 6 
(approximately lOdB improvement). 


BIPOLAR CURRENT OUTPUT 

The three-port capability of the 3656 can be used to 
implement a current output isolation amplifier function, 
usually difficult to implement when grounded loads are 
involved. The circuit is shown in Figure 8 and the 
following equations apply: 


G = loir. /Vi 


R. r 2 

" 1 + Ra X (Ri + R 2 )R s 
loin ±2. 5mA 


Vi . ^ ±4V (compliance) 

R. ^ 1.6kn 

Ri + Ra = Ri + R 2 ^ 2MO 


CURRENT OUTPUT - LARGER UNIPOLAR 
CURRENTS 

A more practical version of the current output function is 
shown in Figure 9. If the circuit is powered from a source 
greater than 15V as shown, a three-terminal regulator 
should be used to provide 15V for the pulse generator 
(pins 19 and 20). The input stage is configured as a unity 
gain buffer, although other configurations such as 
current input could be used. The circuit uses the isolation 
feature between the output stage and the primary power 
supply to generate the output current configuration that 
can work into a grounded load. Note that the output 
transistors can only drive positive current into the load. 
Bipolar current output would require a second transistor 
and dual supply. 


ISOLATED 4mA TO 20mA OUTPUT 

Figure 10 shows the circuit of an expanded version of the 
isolated current output function. It allows any input 
voltage range to generate the 4mA to 20mA output 
excursion and is also capable of zero suppression. The 
“span” (gain) is adjusted by R 2 and the “zero” (4mA 
output for minimum input) is set by the 200kO pot in the 
output stage. A three-terminal 5V reference is used to 
provide a stable 4mA operating point. The reference is 
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FIGURE 8. Bipolar Current Output. 

connected to insert an adjustable bias between the 
demodulator output and the noninverting input of the 
output stage amplifier. 

DIFFERENTIAL INPUT 

Figure 1 1 shows the proper connections for differential 
input configuration. The 3656 is capable of operating in 
this input configuration only for floating loads (i.e., the 
source Vin has no connection to the ground reference 
established at pin 3). For this configuration the usual 
2MH resistor used in the input stage is split into two 
halves, Ri and Rt_. The demodulator load (seen by pin 10 
with respect to pin 3) is still 2MO for the floating load as 
shown. Notice pin 19 is common in Figure I 1 whereas pin 
20 is common in previous figures. 

SERIES STRING SOURCE 

Figure 12 shows a situation where a small voltage, which 
is part of a series string of other voltages, must be 



3 


FIGURE 9. Isolated 1 to 5V, N /4 to 20mA lour- 

measured. The basic problem is that the small voltage to 
be measured is 500V above the system ground (i.e., a 
system common-mode voltage of 500V exists). The 
circuit converts this system CMV to an amplifier 
isolation mode voltage. Thus, the isolation voltage 
ratings and isolation-mode rejection specifications apply. 

IMPROVED INPUT CHARACTERISTICS 

In situations where it is desired to have better DC input 
amplifier characteristics than the 3656 normally provides 
it is possible to add a precision operational amplifier as 
shown in Figure 13. Here the instrumentation grade 
Burr-Brown 3510 is supplied from the isolated power of 
the input stage. The 3656 is configured as a unity-gain 
buffer. The gain of the 3510 stage must be chosen to limit 
its full scale output voltage to 5V and avoid overdriving 
the 3656’s demodulators. Since the 3656 draws a 


















significant amount of supply current, extra filtering for between the 3656 and sensitive components may not give 

the input supply is required as shown (2 x 0.47/xF). sufficient attenuation by itself. In these applications the 

use of an electromagnetic shield such as the Burr-Brown 
1 OOMS is a must. This shield is especially designed for use 

ELECTROMAGNETIC RADIATION with the 3656 P acka 8 e - provides shielding in all 

directions. Note that the offset voltage appearing at pin 15 
The transformer coupling used in the 3656 for isolation may change by 4m V to 12mV with use of the shield; 

makes the 3656 a source of electromagnetic radiation however, this can be trimmed (see Offset Trimming 

unless it is properly shielded. Physical separation Section). 



FIGURE 13. Isolator for Low-Level Signals. 
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FIBER OPTIC DATA LINKS 


Total noise immunity and electrical isolation are 
provided by these fiber optic data links designed to 
convert TTL or analog input signals to output light 
signals and transmit data - with maximum accuracy 
-through severe electrical environments. 

These DC-coupled links are data pattern inde- 
pendent. Special coding is not required and 
asynchronous data can be accepted. 

371 4T is a self-contained transmitter whose output 
is a train of light pulses whose frequency is directly 
proportional to the magnitude of an analog input 
signal. It’s capable of transmitting analog signals as 
small as lOmV FS up to 1.7km with a linearity error of 
±0.005%. 

FOT110 transmitter/FORIIO receiver are compact 
1C packages (2.1" x 1.2" x 0.4" /43.1mm x 27.9mm x 
1 0.1 mm) that transmit TTL inputs at data data rates 
of 0 to 2M bits at distances up to 7.4km without 
repeaters. 

They also can transmit analog signals as amplitude 
modulation of the light output in a 10Hz to 1MHz 
bandwidth. 



SPECIAL OFFER* - COMPLETE DATA LINK 


Here is an easy and inexpensive way to evaluate 
fiber optics in your application. Each FODL (Fiber 
Optic Data Link) contains a transmitter, receiver, 
two electrical sockets and factory terminated fiber 
optic cable. Apply power and you have a complete 
functioning link ready for experimentation in your 
own application. FODL-K1, $99; FODL-K2, $125; 
FODL-K3, $155; FODL-K4, $143. 

*Limit one of each link per customer. 


SELECTION GUIDE 


FIBER OPTICS 


T ransmitter/Receiver 

Input 

Output 

Data Rate 

Wavelength 

Link 

Lengthd) 

Auto- 

Threshold™ 

Adjustable 
Light Output 

Priced) $ 

FODLI3) 

Number 

Rage 

Units 

100’s 

FOT110KG/FOR1 10KG 

TTL 

TTL 

0 to 2M bits 

665 nm 

1900M<4> 

Yes 

Yes 

218.00 

143.00 

FODL-K4 

4-2 

FOT110KG-IR/FOR110KG 

TTL 

TTL 

Oto 1M bit 

880 nm 

7400MI5) 

Yes 

Yes 

225.00 

147.50 

- 

4-2 

3712T/3712R 

TTL 

TTL 

0 to 25k bits 

670nm 

2290M<6> 

Yes 

No 

153.00 

118.00 

FODL-K1 

4-14 

3713T/3713R 

TTL 

TTL 

0 to 250k bits 

660 nm 

2500MI6) 

Yes 

Yes 

193 00 

153 00 

FODL-K2 

4-22 

3714T/3713R 

Analog 

TTL<7) 

Oto 10kHz 

660 nm 

2500M<6> 

Yes 

Yes 

270.00 

208.75 j 

FODL-K3 
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FIBER OPTIC CABLE ASSEMBLIES 


Model 

Conditions 

Core 

Material 

Attenuation 

Numerical 

Aperature 

Rise 

Time 

Price 


OCA100 

X = 660nm 

Plastic 

1300dBm/km 

053 

- 

$1.60/m + $20 Cable Term. 


OCA101 

X = 660nm 

Plastic 

360dBm/km 

0.53 

5.5nsec/km 

$4 80/m + $20 Cable Term. 

4-10 

OCA102 

X = 660nm 

Silica 

33dBm/km 

0.40 

3.8nsec/km 

$6.40/m + $20 Cable Term 

4-10 


NOTES: 1 ) Without repeaters. 2) Transmitter and receiver may be purchased separately. 3) See “Special Offer” above. 4) 200ixM core dia., 12dB/km 
attenuation. 5) 63/uM core dia., 2dB/km attenuation. 6) 200 mM core dia., 8dB/km attenuation. 7) May be converted to analog with a Voltage-to-Frequency 
converter. 
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BURR -BROWN 



FOTllO 

FOR110 


High Performance Digital/Analog 
FIBER OPTIC TRANSMITTER AND RECEIVER 


FEATURES 

• HIGH SENSITIVITY 

• INTERNAL SQUELCH 

• TTL (0 to 2M baud, typ) AND LINEAR 
AMPLITUDE MODULATION (1MHz. typ) 

• TRUE DC RESPONSE (data pattern Independent) 

• LOW BIT ERROR RATE (to 10*14) 

• AUTO THRESHOLD™ 

• LINK MONITORING 

• UP TO 7KM IN SILICA OR 100 METERS IN 
ALL-PLASTIC FIBERS 

• IMMUNE TO EMI AND ELECTRICALLY ISOLATED 


APPLICATIONS 

• INDUSTRIAL/PROCESS CONTROL 

• REMOTE INSTRUMENTATION SYSTEMS 

• NUCLEAR POWER PLANT CONTROL 

• TRANSFER OF FACTORY COMPUTER DATA 

• MULTIPLEXED DATA LINK (TDM or FDM) 

• DIGITAL PHONE SYSTEM (standard T1) 

• HIGH VOLTAGE TRANSMISSION LINE MONITORING 

• LIGHTNING IMMUNE SYSTEM 

• SYSTEMS REQUIRING INTRINSIC SAFETY 


DESCRIPTION The FOTllO is a hybrid fiber optic transmitter 

capable of 0 to 2M baud data rate. Although most 
The FOT/FORllO fiber optic transmitter and re- applications will have separate functions, it can 

ceiver, together with a suitable fiber optic cable, form uniquely transmit an analog signal by amplitude 

a versatile digital data and analog signal link. TTL modulation (AM) simultaneously with a digital TTL 

data (up to 2M baud NRZ) applied to the transmitter signal over one cable. Pin-selectable LED phasing 

input is converted to an optical signal. This is may be used to generate biphase data through the 

accepted by the receiver and reproduced as TTL data link if desired. T ransmitter optical output is specified 

at its output. The receiver has Auto Threshold™ as actual power launched and is adjustable allowing 

adjustment including a squelch function. True DC very-short links without receiver overload. The LED 

response is achieved, and the recovery scheme is color is bright red, making troubleshooting easier 

independent of the data pattern, for example, Man- without expensive test or image converter scopes. 

Chester coding is not required. An analog signal The IR transmitter offers higher power for longer 

(10Hz to 1 MHz) can also be transmitted with high link lengths, although the light is not visible, 

linearity. No external adjustments are necessary and Xhe FOR1 !0 is a very . high sensitivity hybrid fiber 

link lengths greater than 1.7km can be attained with optic reC eiver capable of 0 to 2M baud NRZ data 

silica fibers. Longer lengths, up to 7km without rate< typical The Amo Threshold™ circuit con- 

repeaters, are possible with the infrared (IR) trans- tinuous i y sets the Data Out threshold for maximum 

mitter version. In addition, the hybrid package noise immunity. A single external capacitor can 

permits mounting on printed circuit boards. reduce bandwidth. This lowers the bit error rate and 

increases sensitivity for lower baud rate applications. 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Ta = +25°C, Vdd = +5VDC for transmitter and ±Vcc = 15VDC for receiver unless otherwise noted. 


| RECEIVER | 







PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

| AMPLIFIER SECTION 1 

Responsivity (665nm to 880nmi 

200 M m, NA sS 0.5 








v/ M w 

Fiber Pigtail Core Diameter 





375 



Mm 

Fiber Pigtail NA 

-10dB 

0.5 


0.66 




Output Signal imax undistorted) 

Rl = <50kH 

5 



7.5 



VPEAK 

Output Noise 

No signal, Cbw = 47pF, 










BW = 10Hz to 2MHz 




0.8 

2.5 

mV, rms 

Output Bandwidth 

Bias = 0V, -3dB 

DC to 0.5 


DC to 1 



MHz 

Output Offset 

Input and Bias = 0 (dark) 






5 


mV 

Power Supply Rejection, Amplifier Output 

AVcc = ±1VDC 




60 



dB 

| DIGITAL SECTION | 

Bit Rate(2) 

NRZ, Bias = 0 

Oto 1M 


Oto 2M 



Baud 

Duty Cycle(3) 


0 





100 

% 

Sensitivity(4) 

BER = 10 9 , Bias = 0V* 

32 


15 



nW 



-45 


-48 



dBm 

Propagation Delay 

50% In/Out 




0.8 



Msec 

Fan Out, Data Out 

Without external pull-up resistor 

2 



4 



Unit Loads 

TTL Output “High” 

lo = 200 M A 

2.4 


3.2 



V 

TTL Output "Low” 

lo = 6.4mA 




0.3 

0.5 

V 

Logic Polarity, Data Out 

No Input 




Low 




Squelch Out, Data Out 

lo = 10mA 




0.25 



V 

| POWER SUPPLY ! 

Voltage 


±11.5 


±15 

±16 

VDC 

Current 

±Vcc = 15VDC 




±37 

±46 

mA DC 

TEMPERATURE RANGE 


0 


+70 

°C 


| TRAMSMITTER f 



FOT110KG 

FOT110KG-IR 


PARAMETER 

CONDITIONS 

MIN 

TYP 


MAX 

MIN 

TYP 

MAX 

UNITS 

| OPTICAL OUTPUT SECTION | 

Baud Rate 

NRZ, Po max 

Oto 2M 

0 to 4M 



0 to 0.75M 

OtolM 


Baud 

Output Power, into fiber(5) 

200/xm, NA = 0.48 

5 

10 



50 

90 


M W 



-23 

-20 



-13 

-10.5 


dBm 

Power Adjustment Range 

Maximum to Minimum 

16 

23 



16 

23 


dB 

Wavelength of LED, A. peak(6) 

Po max 

650 

665 


680 

850 

880 

910 

nm 

Spectral Width of LED<6) 

-3dB from Po max 


25 




80 


nm 

Fiber Pigtail Core Diameter 



375 




375 


Mm 

Fiber Pigtail NA 

-10dB 


0.66 




0.66 



Tr, Tf (rise and fall times) 

10% to 90%; Po max 


150 


250 


600 

850 

nsec 

Tp (propagation delay; 

lOOKB/sec; 50% In/Out; Po max 


120 




480 


nsec 

Te (enable delay) 

lOOKB/sec; 50% In/Out; Po max 


120 




480 


nsec 

| DIGITAL TTL INPUT 1 

Input “High” Voltage 

Ta = 0 to +70°C 

2 




2 



V 

Input “Low” Voltage 

Ta = 0 to +70° C 




0.8 



0.8 

V 

Input “High” Current 

Vs = +5. 25V; Vin = +2.7V; 0 to +70°C 




-40 



-40 

mA 

Input “Low” Current 

Vs = +5. 25V; Vin = +0.4V; 0 to +70°C 




-0.8 



-0.8 

mA 

| ANALOG AM INPUT 3 

Input Impedance 

Input, Enable and </> = High, ♦= 1kHz 


100 




100 


n 

Input Sensitivity 

Input, Enable and 0 = High, f = 1kHz, 










AM = 100% 


1.1 




1.1 


V, p-p 

AM Bandwidth 

Input = IV, p-p, Output at -3dB, 










Po max 

1 

2.5 



0.3 

1 


mHz 

AM Distortion (total harmonic distortion) 

Mod = 50%, f = 1 kHJL Po fnax 


1.3 




0.6 


% 

| POWER SUPPLY | 

Voltage 


4.75 

5 


5.25 

4.75 

5 

5.25 

V 

Current (LED off) 

Vdd = +5.0V 


10.5 


17 


10.5 

17 

mA 

Current (LED on) 

Vdd = +5.0V 


118 


135 


118 

135 

mA 

TEMPERATURE RANGE 


0 


+70 

0 


+70 

°C 


* 665nm (IMB/seo; 880nm (0.8MB/seci. 
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NOTES 

1. FOR110KG operates with FOT110KG or FOT110KG-IR. 

2. See Theory of Operation and Application sections regarding operation of Automatic Threshold circuit. For baud rates less than 2, use squelch f unction to 
eliminate unwanted error due to noise. 

3. Input should be limited to 1/uW to avoid duty cycle distortion. 

4. May be improved with external threshold voltage trim and bandwidth limiting capacitor (Cbw). See Theory of Operation and Application sections. 

5. Optical output power is adjustable. See Application Information section. Optical power is measured into an exit numerical aperture < NA i of 0.48 and a core 
diameter of 200/xm. For other cable core diameters and NA see Typical Performance Curves and Cable Selection section. 

6. The IR version offers increased optical output power and longer links with a decrease in bandwidth. 


ABSOLUTE MAXIMUM RATINGS 


TRANSMITTER 


RECEIVER 


+Vdd 

+5.25V 

±Vcc 

±16V 

Data In, Enable In, and <t> Control In 

+5.25V 

Squelch Disable Input 

+5.25V 

AM In 

+1.2Vp 

Squelch and Data Out Pull-Up Voltage 

+30V 

Storage Temperature Range 

-55° C to +85° C 

Squelch Level Set 

+5V 

Operating Temperature Range 

-40° C to +70°C 

Photodiode Bias 

+30V, max; 0V, min 

Lead Temperature (soldering lOsec) 

+300° C 

Storage Temperature Range 

-55°C to +85°C 



Operating Temperature Range 

-40° C to +70° C 



Lead Temperature (soldering lOsec) 

+300° C 


MECHANICAL 


FOT110 (TRANSMITTER) 



■u 


r T i 


— r 
N C 


T 

-J 

u 

•4- 

11 

-II— D 

fin 

If 


INCHES 

MILLIMETERS | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

1.710 

1.750 

43.43 

44.45 

B 

1.106 

1.140 

28.09 

28.96 

C 

.370 

.430 

9.40 

10.92 

D 

.018 

.021 

0.46 

0.53 

F 

.035 

.050 

0.89 

1.27 

G 

.100 BASIC 

2.54 BASIC 

H 

.110 

.130 

2.79 

3.30 

K 

.150 

.250 

3.81 

6.35 

L 

.900 BASIC 

22.86 BASIC j 

N 

.002 

.010 

0.05 

0.25 

Ft 

.110 

.130 

2.79 

3.30 

S 

.530 

.590 

13.46 

14.99 

T 

.345 

.355 

8.76 

9.02 

U 

.192 

.220 

4.88 

5.59 


FOR110 (RECEIVER) 




NOTES: 

1 . Leads in true position within 0.10" 

(0.25MM) R at MMC at seating plane. 

2. Pin numbers shown for reference only. 
Numbers may not be marked on package. 

3. Maximum optical connector torque - 5in/oz. 

4. Connector compatible with Amphenol 905 and 
906 series or other similar SMA series. 


PIN CONFIGURATION, TRANSMITTER 


1. Package Shield 

2. AM In 

3. Data In 

4. <(> Control In* 

6 .* 

15. Power Adj. 

16. Common and package shield 

17. Package Shield 

18. Vdd 


PIN CONFIGURATION, RECEIVER 


28. Enable In** 

29. ** 

30. ** 

31. ** 

32. Package Shield 


‘These pins are connected together internally. 
**These pins are connected together internally; 


1. Package Shield 

17. Package Shield 

2. Data Out 

18. Photodiode Bias 

3. Digital Common 

19. NC* 

4. +Vcc 

25. NC* 

5. -Vcc 

26. NC* 

6. Link Monitor 

27. NC* 

7. Amplifier Common 

28. Squelch Disable In 

8. Amplifier Out 

29. Squelch Out 

14. NC* 

30. Squelch Level Set In 

15. NC* 

31. NC* 

16. Package Shield 

32. Package Shield 

*No internal connection. 










Relative Output Power (%/100) Relative Output Power (%/1 00) 


TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vdd = +5VDC, ±Vcc = 15VDC, unless otherwise noted) 


TRANSMITTER OPTICAL OUTPUT POWER VS 
POWER ADJUST RESISTOR AND TEMPERATURE 
1 0Q 


OPTICALOUTPUT POWER 
VS AMBIENT TEMPERATURE AND +Vcc 


LAUNCHED OUTPUT POWER 
VS CABLE CORE DIAMETER 











_____ 





.°° c i 




X,25 

=>c~ 



^ 


c~ 



-- 

^ 70 c 



„ 

y 








10 100 1 
Power Adjust Resistor (ohms) 

LAUNCHED OUTPUT POWER 
VS CABLE FIBER N.A. 



5.0 5.25 

+Vcc (volts) 


DATA INPUT AND OPTICAL 
POWER OUTPUT TIMING 


3 Optical 
■6 O Output 




Z! 

“ 1 
_ 



4- 



1 

1 

-50% 





P °LH 


(-■ 

Tpd hi 

— 


i 


|90% 

- 


^50°/ 

L 

b 

i 

□ 



: 

i 


.05 0.1 0.2 0.3 0.4 0.5 0.6 ( 

Fiber N.A. 

OUTPUT POWER VS MODULATION 
FREQUENCY, TYPICAL AT 25°C 


TOTAL HARMONIC DISTORTION 
VS AM INPUT, TYPICAL AT 25°C 




10 100 Ik 10k 100k 1M 10M 
Modulation Frequency (Hz) 

BIT ERROR RATE 
VS OPTICAL INPUT POWER 


/| 1 Error in 3.2 | 
/Years at 1M Baud! 


FOT110KG-IR- 


0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 
AM Input, Volts (p-p) 


PROPAGATION DELAY VS TIME 



Specified Sensitivity 


0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 
Relative Optical Input Power ( %/1 00 ) 




100 200 300 400 500 

Fiber Core Diameter (micrometers) 


OPTICAL OUTPUT RISE AND FALL 
TIMES VS ADJUSTED OUTPUT POWER 


— FOT1 10KG-IR Fall Time- 

I I I I I 1 i |\ 

- FOT 1 1 0KG-IR Rise TimerM 


FOT110KG Rise Time 7 ! 

- 1 1 t~ i t t t I ; 

— FOT110KG Fall Time - 


-3 -4 -5 -6 -7 -8 -9 -10-11-12 
Output Power (dB) 


TRANSMITTER SPECTRAL OUTPUT 



700 800 900 

Wavelength (nanometers) 
OPTICAL INPUT POWER 
FOR 1 0' 9 BER VS BAUD RATE 



Diode Bias = 0V 


(specified sensitivity 


Diode Bias =+15V 


10 100 Ik 10k 100k 1M 10M 
NRZ Baud Rate 












INPUT POWER FOR 
IQ’ 9 BER VS CABLE CORE DIAMETER 


RESPONSI VITY VS WAVELENGTH 


1 

0 . 8 | 

oej 

0.4 
0.3 1 


INPUT POWER 
FOR 10-» BER VS CABLE N.A. 




LI 1 1 



Cab 

Typi< 
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r 
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imatc 

k 

mu 

mm 

— 

— 
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— 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 

Fiber N.A. 


8 

5 


I 

© 

cc 



0 200 400 600 800 1000 1200 

Fiber Core Diameter (micrometers) 



400 600 800 1000 

Wavelength (nanometers) 


THEORY OF OPERATION 

TRANSMITTER 

The FOT1 10 transmitter, shown in Figure 1, consists of 
digital input gates, a current mirror, and an LED. The 
open-collector exclusive OR gates are lower power 
Schottky TTL. 

This circuit can transmit a data rate of at least 2M baud 
(0.75M baud FOT1 10KG-IR). 



FIGURE 1. Transmitter Simplified Schematic Diagram. 


When the Enable In is high (“1”), the Data In will control 
the state of the LED. The data-LED phase relationship is 
controlled by applying a “ 1” or “0” to the $ Control In, as 
shown in Table I. 


TABLE I. Transmitter Truth Table. 


ENABLE IN 

DATA IN 

(f) CONTROL IN 

LED 

0 

X 

X 

Off 

1 

0 

0 

Off 

1 

1 

0 

On 

1 

0 

1 

On 

1 

1 

1 

Off 


X = Don’t Care 


Biphase modulated data can be generated by applying a 
clock signal to the </> Control In and clock-synchronized 


data to the Data In. This technique reduces the baud rate, 
but is useful for generating an AC signal. Figure 2 shows 
a timing diagram. 


ENABLE IN 1 i 1 

0 

(clock synch’d) d-TlJTJ" 1 __TU — 0 — fl — (1 — TLTLTL 

<t> CONTROL IN < 

(CLOCK SYNCH’D) 

LED 


FIGURE 2. Timing Diagram. 

The LED is driven by a ratioed current mirror as shown 
in Figure 1. When the voltage at the base of Qi is high 
(>2V be), the LED is on. With Rext = 0, the LED is at the 
maximum current of 108mA. Increasing the value of 
Rext reduces the LED current and output power. This 
will reduce power consumption and extend LED lifetime. 
This also allows operation over very short links without 
receiver overload. For selection of Rext see Typical 
Performance Curves. 

The LED can also be intensity modulated directly by the 
voltage level at the Amplitude Modulation (AM) input. 
The AM signal can be audio or low frequency RF (up to 
1 MHz). It should be capacitively-coupled to the input to 
prevent DC levels from disturbing the transistor bias 
voltage. In effect, the AM input voltage modulates the 
LED current causing intensity modulation. A l.lVp-p 
signal through a capacitor to the AM input will provide 
100% modulation. 

RECEIVER 

The FORI 10 receiver, shown in Figure 3, consists of a 
PIN photodiode and transimpedance amplifier, followed 
by two comparators, one for data and one for squelch. 
The photodiode converts the incident light signal from 
the optical fiber to a current corresponding to the 
received power. Sensitivity and bandwidth can be im- 
proved by biasing the photodiode to +Vcc. However, at 
temperatures greater than +50°C, sensitivity will be 
reduced due to photodiode dark current (see Typical 
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Performance Curves). The current is converted to a 
voltage by a low noise, high speed, transimpedance 
amplifier. This voltage, appearing in Figure 4 as an eye 



FIGURE 3. Receiver Simplified Schematic. 


diagram, will be reconstructed into a TTL output through 
comparator 1 . If the transmitter is amplitude modulated, 
then the AM signal can be obtained at the amplifier 
output. 

The reference of the comparators js automatically set by 
the Auto Threshold™ peak detector. This threshold 
voltage, at the Link Monitor output, is equal to one-half 
of the amplifier peak output level. This assures that 
comparator 1 will always switch with maximum noise 
immunity. Unlike fixed-threshold receivers, this circuit 
maintains symmetry over a wide dynamic range. In 



FIGURE 4. Amplifier Output (Eye Diagram) and TTL 
Data Out. (500k Baud, Diode Bias = 0V, 
Cbw = 47pF, Receiver Input 25nWp£AK, 
k = 665 nm). 

addition, it provides improved bit error rate with larger 
input signals. Since the FOR 1 10 is DC coupled, it allows 
far greater noise immunity than “edge-triggered” systems. 
Improved sensitivity can be achieved in lower speed 
applications by adding an external capacitor between the 


amplifier output and common. Its value is determined by 
the following relationship: 


2tt (2.5) F c 

where Ft is the 3dB cut-off frequency in kHz and Cbw is 
in microfarads. 

The squelch function allows the data output to be cut off 
by comparators when the optical input power falls below 
a preset level. This is accomplished by strapping the 
Squelch Out to the Data Out. With no external connec- 
tion to the Squelch Level Set In, the squelch level will be 
approximately 20nW. Squelch can be turned off with “ 1 ” 
applied to the Squelch Disable In. The Link Monitor 
output can be used to monitor the continuity of the link. 
The load impedance should be greater than lOOkfl. 


CABLE SELECTION 

The FOT/FORllO connector is compatible with Am- 
phenol 905 and 906 series or similar SM A connectors and 
can be used with a wide variety of cable types. The choice 
of a cable type depends on the particular application. 

The visible (665nm) output of the FOT1 10KG is well 
matched for use with low cost all-plastic cable as well as 
glass and silica fibers. The high power infrared (880nm) 
output of the FOT1 10KG-IR provides improved perfor- 
mance with glass and silica fibers. However, use with 
plastic fibers is severely limited due to high attenuation of 
these materials in the infrared. 

The operating temperature range and mechanical in- 
tegrity of fiber optic cables varies widely. Consult 
manufacturers’ specifications for specific information; 
some are shown in Table II. Table III contains calculated 
link performance for selected fiber optics cables. Per- 
formance is based on best available data from fiber optic 
cable manufacturers at time of printing. 


TABLE II. FOT/FOR1 10 Compatible Cable 
Manufacturers. 


Maxlite Fiber Optic Div. 

Siecor Optical Cables, Inc. 

Raychem Corp. of Arizona 

P.O. Box 489 

3035 N. 33rd Drive 

Hickory, NC 28601 

Phoenix, AZ 85017 

(704) 322-3740 

(602) 269-8387 


E.l. DuPont de Nemours & Company, Inc. 

Telecommunication Products 

DuPont Building D-13121-5 

Corning Glass Works 

Polymer Products Dept. 

Corning, NV 14831 

Wilmington, DE 19898 

(607) 974-4411 

(302) 774-6339 


Quartz Products Corporation 

Nissho-lwai American Corp. 

688 Somerset St. 

Broadway Plaza 

P.O. Box 1347 

Suite 1900 

Plainfield, NJ 07061 

700 South Flower Street 

(201 ) 757-4545 

Los Angeles, CA 90017 


(213)688-0684 



TABLE III. Calculated Link for Selected Cables (at +25°C). (I) 


TRANSMITTER 

CABLE 

TYPE 

FIBER CORE 
DIAMETER i M mi 

FIBER 

EFFECTIVES) 

NA 

FIBER LOSSS) 
dB/km 

LINK LENGTH m j 

WORST 

CASES) 

TYPICAL 

TYP 

MAX 

FOT110KG 

All Plastic^) 

368 

0.42 

260 

270 

75 

118 

(Red LEDi 

Glass/Glass(5) 

200 

0.38 

80 

85 

219 

311 


Plastic Clad SilicaS) 

200 

0.34 

12 

15 

1203 

2028 


Telecom SilicaS) 

50 

0.20 


NOT RECOMMENDED 


Telecom Silica(8) 

100 

0.28 

9 

12 

871 

1861 


Light Duty PlasticS) 

400 

0.5 

380 

720 

34 

83 

FOT110KG-IR 

All Plastic(4) 

368 

0.42 

800 

850 

42 

69 

(IR LED) 

Glass/Glass(5) 

200 

0.35 

35 

45 

636 

948 


Plastic Clad SilicaOO) 

200 

0.33 

15 

20 

1402 

2259 


Telecom SilicaS) 

50 

0.20 

2 

2.5 

4533 

8588 


Telecom Silica(8) 

100 

0.27 

4.5 

7 

2873 

5767 


NOTES: 


(1 ) Lengths can be determined on the basis of power launched, losses, and receiver sensitivity for bit error rate. (2) Best estimate of NA at this length. 
Manufacturer’s loss data (could be typical ) on fiber. (3) T ypical fiber loss, worst case = FOT 1 10 min output power, FOR1 1 0 worst case sensitivity. (4) Dupont 
PIFAX PIR-140. (5) Siecor 155 Super Fat. (6) Maxlite MSC200A. (7) Corning 2510F. (8) Corning LCF. (9) Burr-Brown OCA-201-XX terminated cable 
assembly. (10) Maxlite MSC200B. 


The transmitter output power is specified as the power 
coupled into a 200Aim core diameter fiber with an NA of 
0.48. Larger NA (up to 0.66) couples more power, and 
smaller NA less power. Larger core diameter (up to 
375/xm) couples more power, and smaller core diameter 
couples less power. 

Power coupled into various cables can be calculated as 
follows: 

Power coupled into cable = 

/ D| a \ 2 .. / NA \L /l -0.48^ (x FOTl 10 Rated 
l 200Mm J l 0.48 / \ 1 - N A : J Output Power 

where 

Dia = cable fiber core Dia (/xm) up to 375/um max. 

NA = effective cable NA up to 0.66 max (effective NA 
depends on cable length, decreasing with increased 
length to a “steady state” value). Coupling into 
graded index fiber results in additional 3dB loss. 

See Typical Performance Curves for Launched Output 
Power vs Core Diameter and vs Numerical Aperture. 



FIGURE 6. TTL Transmitter with Output Power Adjust. 



FIGURE 7. Analog Amplitude Modulated Transmitter. 


‘PHOTO DIODE BIAS MAY O V CC 

BE CONNECTED TO +V CC T + 10 m F/25V 

Q ¥ TANTALUM 

T 

F0R110K6 

0—0 DATA OUT 

(TVn DIGITAL 

X VCOMMON 
fiVrO AMP OUT 
l^J-IAMWHEN USED) 

C Bw2 47pF 0R LARBER 

t 10 M F/25 V 
r TANTALUM 

CpQ»X^) (p (jp © i 

“ s ^ 


FIGURE 8. TTL and Analog Receiver. 


25kn 





9 +v cc 

PHOTODIODE ] 

) 8IAS G) 


FOR110KG 


PACKAGE 

8HIELD 


10 m F/25V 

TANTALUM 


Ilamp [aL 



hj-O DATA OUT 


H SQUELCH OUT 


El digital 

@ 

V COMMON 

I O SQUELCH 

C BW 

, DISABLE IN 

H DISABLED 

J. 47pF OR LAR6ER 

X 


- COM w j+l 10 mF/ 25V 
v CCO T TANTALUM 


FIGURE 9. TTL Receiver with Squelch. 
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TYPICAL APPLICATIONS 

The FOT/ FORI 10 Fiber Optic Data Link solves such metallic conductors. In refineries and chemical plants 

data transmission problems as crosstalk, ringing, and which have explosive atmospheres, sparks from shorted 

echos. Electromagnetic radiation interference is avoided electrical cables are eliminated by the fiber optic cable - 

when using a fiber optic data link in high noise environ- an inherent safety feature. Figures 10 thru 14 illustrate 

ments. Lightning damage to cables and connected equip- the use of the FOT/ FOR transmitter and receiver to 

ment can be eliminated where fiber optic cables replace replace conventional metal conductor cables. 



FIGURE 11. RS232 Compatible Fiber Optic Data Link (Full Duplex). 



FIGURE 14. Remote Patient/ Medical Monitoring (Simultaneous Analog/ Digital Transmission System with 
Megavolts of Isolation). 
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BURR -BROWN 



Step-Index 

FIBER OPTIC CABLE ASSEMBLIES 


FEATURES 

• FACTORY-INSTALLED CONNECTORS 

• USER-SPECIFIED LENGTH - No Minimum Order 

• IMMUNITY FROM EMI AND RFI 

• NO RADIATED RF 

• ELIMINATES GROUND LOOPS AND SHORT CIRCUITS 

• ELIMINATES EXPLOSION AND FIRE HAZARD 

• GUARANTEED COMPATIBILITY WITH 3712T/R 

AND 3713T/R 


APPLICATIONS 

• INDUSTRIAL/PROCESS CONTROL SYSTEMS 

IMMUNITY TO NOISY ENVIRONMENTS 

• REMOTE INSTRUMENTATION SYSTEMS 

• POWER PLANT CONTROL 

• HIGH VOLTAGE OR ELECTROMAGNETIC 

FIELD RESEARCH 

• FACTORY DATA COLLECTION 

• SECURITY SYSTEMS 

• INTRINSIC SAFETY 

• MACHINE TOOL CONTROL 

• SHIPBOARD AND AIRCRAFT CABLES 


GENERAL DESCRIPTION 


The OCA 100 Series Fiber Optic Cable Assemblies 
are factory terminated cables. They use the AMP™ 
Optimate Single Position Fiber Optic Cable 
Connector System and Single, Step-Index Optical 
Fibers. These cable assemblies are individually tested 
to insure their compatibility with Burr-Brown’s 37 1 2 
and 3713 fiber optic transmitters and receivers. 

The OCA 100 is an inexpensive, high loss cable 
assembly suitable for general purpose applications. 
This plastic core, plastic clad fiber optic cable offers 
the best price versus performance trade-offs for short 
lengths. 

The OCA 101 is a single-channel, plastic core, plastic 
clad fiber optic cable assembly. This cable is 
reinforced with Kevlar® 49 aramid fiber. The outer 


protective jacket is of Hytrel® polyester elastomer. 
The plastic core is well centered within a thin 
cladding to which a connector is crimped directly. 
The OCA 101 is the most rugged cable of this series of 
cable assemblies. Its large core diameter and large 
numerical aperture make possible run lengths of up 
to 90 meters. 

The OCA 102 is a plastic clad silica fiber optic cable 
assembly. Its single fiber is protected by two jackets 
of Hytrel® polyester elastomer and Kevlar® aramid 
reinforcing fibers to give this cable outstanding 
strength and ruggedness. The low attenuation of the 
OCA 102 permits run lengths of over 850 meters (over 
1/2 mile) when it is used with the 3713T transmitter 
and 3712R receiver mixed data link. 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


| OPTICAL - Typical specifications at +25°C unless otherwise noted. | 

PARAMETER 

CONDITIONS 

OCA100 

OCA101 

OCA102 

UNITS 

Attenuation 

A = 660nm 



33 

dB/km 


A = 670nm 



33 

dB/km 

Material Numerical Aperture 


0.53 

0.53 

0.40 


Rise Time 

10% to 90% 

“ 

5.5 

3.8 

nsec/km 

| MECHANICAL - Typical specifications at +25°C unless otherwise noted. | 

PARAMETER 

CONDITIONS 

OCA100 

OCA101 

OCA102 

UNITS 

Core Material 


Plastic 

Plastic 

Silica 


Core Diameter 


1013 

368 

200 

/urn 

Fiber Diameter 


1016 

400 

600 

Mm 

Reinforcing Fibers 

Kevlar® 49 

No 

Yes 

Yes 


Cable Diameter 


2.2 

1.9 

2.4 

mm 

Cable Weight 


4 

4 

6 

kg/km 

Minimum Cable 

1 meter test length. Ends 





Breaking Strength 

wrapped around 1.6cm radius 






mandrel. 

- 

25 

65 

kg 

Minimum Bend Radius 

Short Term 

- 

1 

1.5 

mm 

Cable Elongation 

Tensile Force = 15kgf 

- 

1.2 

1 

% 

Flex Resistance 

DOD-STD-1 678-Method 2010 

- 

- 

10,000 

Cycles 

Operating Temperature 

Minimum 

-20 

-20 

-20 

°C 

(without Tensile Load) 

Maximum 

+70 

+70 

+70 

°C 

AMP™ Connector 


530530-2 

530530-9 J 

1-530530-2 



ORDERING INFORMATION 

To order, specify cable part number (OCA 100, OCA 101, 
or OCA 102) and desired length to the nearest tenth of a 
meter. 

SAFETY 

Do not look at the output end of the fiber optic cable 
because high radiance LEDs or lasers can inject sufficient 


power into optical fibers to injure the eye. 

Reasonable precaution should be observed to avoid 
undue skin contact when handling the OCA101 and 
prolonged contact with the cable should be avoided. The 
jacketing materials of the OCA 101 have been specially 
treated with additives which inhibit the propagation of 
flame along the cable. Wash hands before smoking or 
eating. Gloves are recommended for extensive handling. 


£ 




500 600 700 800 900 


Wavelength (nmi 


Wavelength inmi 


































CABLE CONSTRUCTION 


Outer Jacket 2.2mm 
1 0.087" Alathor*" 


OCA101 

Outer Jacket 1.9mm (0.075"! 


L 


Clad Plastic Optical 
Fiber 1016^m 
1 0.040" i “Fiber Dia.” 



OCA102 

Reinforcing Fibers Inner Jacket 1.25mm 
Kevlars 49 \ 0.050" Hytreh 


Pure Silica Fiber 

200/im 0.008" 

“Core Dia.'' 


Inner Jacket 
125mm 0.049" 
Hytrel® 


Optical Fiber 
400 /urn (0.016" 
“Fiber Dia." 



Output Jacket 
24mm 0.095" 
HytreK “Cable Dia. 


Fiber Cladding 
DuPont Polymer 
600 M m 1 0.024" 
“Fiber Dia.” 



Optic Fiber 


CABLE CONNECTOR CONSTRUCTION 

TYPICAL CABLE CONNECTOR ASSEMBLY 


^Crimping Ring P/N 530526-1 
t/ r4^ AMP™ 

Retaining Cap 
AMP™ P/N 861403-7 


Ferrule Shoulder 



Ferrule (Color coded by 
AMP™ connector number 


COMPONENT PARTS 



ASSEMBLED CONNECTOR 


APPLICATIONS INFORMATION 


CABLE TERMINATION 

For splicing a damaged cable the following procedure 
may be used. These procedures will cause an additional 
loss of about -2dB with the OCA 100, -4dB with the 
OCA 101, and -5dB with the OCA 102 due to coupling 
losses at the splice. 

1. Clean ferrules ultrasonically in isopropyl alcohol. 
Allow to dry 24 hours at +25°C or bake at +50°C for 
30 minutes. 

2. Strip off 2cm of the outside jacket from the cable. 
This may be done by using an AWG stripper blade 
# 1 7 for the OCA 100, a #22 for the OCA 1 0 1 , or a # 1 6 
for the OCA 102. 

3. For the OCA101 or OCA 102, cut back Kevlar® 
strength fibers to 1cm using sharp scissors. 

4. For the OCA 102, strip exposed inner jacket to the 
Kevlar® using a #22 AWG stripper blade. 

5. Clean stripped cable end ultrasonically in isopropyl 
alcohol. At least 10cm of the cable should be cleaned 
from its end. Wipe dry with a clean wiping tissue and 
allow to dry for one hour. 

6. Apply an epoxy such as TRA-BOND BA-21 14 to the 
inside of the ferrule. Thoroughly coat the small hole 
in the end of the ferrule. Wipe off any spilled epoxy 
from the outside of the ferrule. 

7. Slip the brass crimping ring and the retaining cap (in 
that order) over the end of the cable. The open 
threaded-end of the retaining cap should be facing 
the end of the cable. 

8. On the OCA101 or OCA102. fold back the Kevlar®. 


9. Dip the end of the fiber into the epoxy adhesive. Coat 
between 1cm and 2cm with epoxy. 

10. Insert cable into ferrule as far as it will go. Do not 
smear adhesive on the outside of the ferrule. 

1 1. Slide retaining cap and then crimping ring over the 
ferrule. Position crimp ring about 1mm behind cap 
to allow it to rotate freely when installed. Crimp with 
AMP™ tool number 90364-1. 

12. Allow epoxy to cure 18 hours. 

13. Cleave and polish fiber as described in the following 
sections. 

FIBER CLEAVING 

NOTE: Reasonable precautions should be observed 

when terminating the OCA102 (silicia core cable). Eye 

protection is recommended to protect against injury from 

fragments of silicia core. Avoid skin punctures. 

Procedure for cleaving OCA 100 or OCA 101: 

1. Cut the fiber completely through with a sharp razor 
blade so that it protrudes about 1 mm from the end of 
the ferrule. 

Procedure for cleaving OCA102: 

1 . Using a sharp silicon carbide razor blade cut through 
the cladding and just barely nick the silica core. Do 
not saw back and forth or allow the fiber to rotate. 
Do not cut through the fiber. If the fiber is cut all the 
way through, a crack could propagate into the core 
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which could result in reterminating the cable. 

2. Bend the fiber at the scribe. A clean cleave should 
result. 

3. Examine the end with a magnifier. If the cleave is 
smooth, the core should appear darkened when 
viewed at a 45° angle. If a crack did progagate into 
the core, the core should appear white - consider 
recleaving. 


Fiber 



FIBER POLISHING 

NOTE: Fine silica powder produced in polishing the 
OCA 102 may be hazardous if inhaled. 

Procedure: 

1. Screw polishing bushing into retaining cap until 
ferrule is firmly bottomed. 

2. Take connector between thumb and forefinger as if it 
were a pencil. 



3. Use a figure 8 pattern when polishing the end of 
the fiber. The polishing paper should be thoroughly 
wet with water before beginning. Clean the end of the 
polishing bushing in isopropyl alcohol after each 
polishing step and before going to finer paper. 

4. Polish very lightly with 600-A type silicon carbide 
paper until polishing lines from fiber are no longer 
visible. 

5. Next polish with 3 micron silicon carbide lapping 
film. Note: Lapping film must be kept free of dust 
particles. Accumulated dust and dirt on the surface 
of the film will act as an undesirable abrasive. 

6. Polish with 0.3 micron aluminum oxide lapping film. 

7. The polishing is complete when the surface of the 


polishing bushing immediately surrounding the 
ferrule is polished to a glossy finish. 

8. Remove and discard the polishing bushing - do not 
reuse. 

9. Clean connector in isopropyl alcohol. 


MINIMIZING SPLICE LOSSES 


Losses due to lateral misalignment of the optical fibers 
inside the splicing bushing can be minimized as follows: 


1 . 

2 . 


3.. 


Connect the spliced cable to a working fiber optic 
data link. Loosen the retaining caps of the cable. 

If a 37 1 2 or 37 1 3 data link is used, monitor the analog 
output of the fiber optic receiver. Rotate one of the 
cables inside the splicing bushing to get a maximum 
signal from the analog output. Tighten the retaining 
caps of the cable. 

If a data link other than a 3712 or 3713 is used, 
monitor the optical power out of the spliced cable 
using a radiometer. Rotate one of the cables inside 
the splicing bushing to get a maximum signal at the 
radiometer. Tighten the retaining cap. 



MATERIAL SUPPLIERS 

This is a representative list of suppliers for some of the 
materials mentioned in this product data sheet: 

1. Wire Strippers: 

Ideal Industries, Inc. 

Sycamore, IL 60178 

2. Silicon Carbide Blades: 

Deane Carbide Co. 

P.O. Box 1 18 
Trevose, PA 19047 
(215) 673-2 1 21 

3. Shears for Cutting Kevlar®: 

Technology Associates, Inc. 

P.O. Box 7163 
Wilmington, DE 19803 
(302) 475-6219 

4. Polishing Materials: 

Glennel Corp. 

Rt. 100 S. or Rt. 141 
Chester Springs, PA 19425 
(215) 458-8901 

5. Epoxy Adhesive: 

TRA-CON, Inc. 

55 North Street 
Medford, MA 02155 
(617) 391-5550 

6. Connectors & Splicing Bushings: 

AMP, Inc. 

449 Eisenhower Blvd. 

Harrisburgh, PA 17105 
(717) 564-0101 
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371 2T 
371 2R 


High Sensitivity - Low Speed 
FIBER OPTIC TRANSMITTER AND RECEIVER 


FEATURES 

• LOW COST 

• HIGH SENSITIVITY 

• TTL INPUT/OUTPUT 

• IMMUNITY TO ELECTROMAGNETIC INTERFERENCE 

• NO EXTERNALLY RADIATED SIGNAL 

• ELECTRICAL ISOLATION 

• DUTY CYCLE INDEPENDENT 

• 0°C TO 70°C OPERATION 


APPLICATIONS 

• INDUSTRIAL/PROCESS CONTROL 

• REMOTE INSTRUMENTATION SYSTEMS 

• POWER PLANT CONTROL 

• HIGH VOLTAGE OR ELECTROMAGNETIC 

FIELD RESEARCH 

• FACTORY DATA COLLECTION 

• SECURITY SYSTEMS 

• INTRINSIC SAFETY 


DESCRIPTION 

The 3712T and 3712R when connected by a suitable 
fiber optic cable form a 25k baud NRZ fiber optic 
data link capable of operation to 1.5km. 

The 3712T fiber optic transmitter is an electrical-to- 
optical transducer designed for digital data 
transmission over single fiber channels. Transmitter 
circuitry converts TTL level inputs to optical pulses 
at data rates from DC to 2M baud NRZ. 

The 3712R fiber optic receiver is an optical-to- 
electrical transducer designed for reception of digital 


data over single fiber channels. The receiver circuitry 
converts optical pulses to TTL level outputs with a 
receiver sensitivity of a mere 2nW and data rates to 
25k baud NRZ. 

An integral optical connector, on both the 37 1 2T and 
3712R, allows easy interfacing between modules and 
optical fiber without problems of source/ fiber/ 
detector alignment. The metal packages of the 37 1 2T 
and 3712R provide immunity to electromagnetic 
radiation and direct printed circuit board mounting 
with no additional heat sink required. 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Ta = +25°C, +Vdd = 5VDC, ±Vcc = 15VDC and no threshold trim unless otherwise noted. 


|— TRANSMITTER, 371 2T - — j 

PARAMETER 

CONDITIONS 

mrm 

TYP 

MAX 


Output Power 

Coupled into: 






1016/iim, 0.53NA Fiber 

2.5 

3.5 


M w 


368/um, 0.53NA Fiber 

0.33 

0.46 


M w 


200 M m, 0.40NA Fiber 

0.10 

0.14 


M W 

Wavelength 



670 


nm 

Rise Time 

10% to 90% 


120 


nsec 

Fall Time 

90% to 10% 


50 


nsec 

Bit Rate 



Oto 2M 


Baud 

| DIGITAL TTL INPUT j 

Input “High" Threshold 


1.4 

1.6 

1.9 

V 

Input "Low” Threshold 


0.5 

0.8 

1.0 

V 

| POWER SUPPLY (+Vdd) 1 

Voltage 


4.75 

5.00 

5.25 

VDC 

Current 






Emitter On 


35 

46 

60 

mADC 

Emitter Off 


1 

8 

16 

mADC 

| TEMPERATURE RANGE | 

| Operating 


0 

, 

70 


RECEIVER, 3712R 

ANALOG SECTION 

Responsivity 

A = 940nm 

-6.7 

-11 


mV/nW 


A = 900nm 

-6.9 

-11.3 


mV/nW 


A = 670nm 

-3.6 

-6 


mV/nW 

Detector Active Area 



1.7 


mm2 

Noise Equivalent Power 

A = 900nm, F = 1kHz, BW = 1Hz 


5.2 x 10-14 

8.2 x 10-14 

W/v/Hz 

Output Noise 

10Hz to 10MHz 


0.35 


mV, rms 

Bandwidth 

-3dB 

DC to 15 

DC to 20 


kHz 

Output Offset 

Total Darkness 





25° C 



0.2 

0.5 

mVDC 

70°C 



0.65 

1.3 

mVDC 

Output Voltage 

Rl = 2kH 

-10 

-12 


V 

| DIGITAL SECTION (Pin = 5nW at 670nm) [ 

Bit RateO) 

NR2 coding 

0 to 20k 

0 to 25k 


Baud 

Duty CycleO) 


0 


100 

% 

Sensitivity(2)(3) 

BER = 10-9, IkB/Sec.A = 670nm, 0°C to 70°C 

5 

2 


nW 

Propagation Delay 

Light In, Digital Out 


20 

30 

Msec 

Output Rise Time 

Without external pull-up resistor 


1 


Msec 

Output Fall Time 

Without external pull-up resistor 


0.15 


Msec 

Fan Out 

Without external pull-up resistor 

2 

4 


Unit loads 

TTL Out “High” 

Without external pull-up resistor 

2.4 

3.2 


V 

TTL Out “Low” 

Without external pull-up resistor 


0.2 

0.4 

V 

Logic Polarity 

No Light 


Low 



| POWER SUPPLY (±Vcc> | 

Voltage 


±11.5 

±15 

±18 

VDC 

Current 

±15VDC 


+20, -17 


mADC 

| TEMPERATURE f 

[ Operating 


0 


70 

_2_J 


NOTES: 

1. See “Applications Information" section regarding operation of Automatic Threshold Circuit. 

2. May be improved with external threshold voltage trim. 

3. Input should be limited to 0.2/*W to avoid duty cycle distortion. 
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MECHANICAL 



Order Number: 

37I2T 

3712R 

AMP™ Optimate Single Position 
Fiber Optic Connector P/N 530570-1 

5/16-32 NEF- 
2A thread. 


NOTE: 

Leads in true position 
within .015' (.38mm)R 
at MMC at seating 
plane. 


4-40 thread, .150' 
(3.81mm) min. depth, 2 
places in true position 
within .015' (.38mm)R 
at MMC. 




3712T (Bottom View) 


PIN CONFIGURATION 


3712R (Bottom View 



+Vdd« 


Transmitter _ 

• 6o 

Phasing * 


TTL Input • 

• 0lto 

No Internal _ 


Connection * 


Digital ^ 
Common * 





Threshold Adjust 

R:* 

Digital Common 

• 

= 7.51cO< 
< 
< 

► 

► 

► , — 

i 

| 

-V cc# 

+V CC ^ 

• 

TTL Output 

i 

u 

R,* = 25MU 

L 

Analog ^ 
Common* 
Analog ^ 
Output * 


•Option Threshold Adjustment 


APPLICATIONS INFORMATION 

THEORY OF OPERATION 

Transmitter Operation causes the reverse to happen - the LED is on for a digital 

A simplified block diagram of the 37 1 2T transmitter is low. Operating the 37 1 2T with the transmitter phasing to 

shown in Figure 1 . The input stage uses a Schmitt Trigger 0iso makes it possible to detect a break in the fiber optic 

EXCLUSIVE OR Gate Gi for noise immunity, and its cable when the data link is idle. This may be particularly 

logic is configured so the phasing of the transmitter is pin- useful in the transmission of asynchronous data with an 

programmable. When the transmitter phasing pin is idle state of a TTL low. Programming the phase of the 

connected to 0o the light output is in-phase with the 3712T is discussed more in “Receiver Operation”. 


digital input signal - the LED is on when the TTL input is Amplifier Ai and the current switch drive a light emitting 

high. Connecting the transmitter phasing pin to 0i 8 o diode (LED). 



FIGURE 1. 371 2T Transmitter. 
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Receiver Operation 

A simplified block diagram of the 3712R receiver is 
shown in Figure 2. Input light is converted to a current by 
the PIN photodiode CR1 which is connected in the 
photovoltaic mode for maximum sensitivity. A low bias 
current FET input current-to-voltage converter 
tranforms diode current into a voltage (V A ) which is 
further amplified by A 2 and presented to comparator A 3 
as V B where it is compared to the threshold voltage Vi. 



FIGURE 2. 3712R Receiver. 


z nnn n 

(a) TTL Input to 3712T. 

z nn n n 

(b) 3712T Light Output Pulses (transmitter phasing to do). 

i::rr n-ra- n--, n - 

(c) Inputs to A 3 . 

z nn n inn 

(d) 37 12R TTL Output. 

Z Uinj LT 

(e) 3712T Light Output Pulses (transmitter phasing to 0i 8o ). 

£ = Lot tiF 

(0 Inputs to Z3. 

:r uinj lt 

(g) 3712R TTL Output. 


FIGURE 3. Transmitter Phasing for Improved Noise 
Immunity. 


For maximum noise immunity it is desirable to have the 
threshold voltage set to a value corresponding to a level 
halfway between the high value and low value of input 
regardless of the actual light level at the input as shown in 
Figure 3c. In the 3712R this is accomplished by a peak 
detector type Automatic Threshold Circuit. A pulse of 
light input causes a voltage pulse at V B which is stored in 
the Automatic Threshold Circuit, divided in half, and 
supplied to the comparator as the threshold input Vt. 
Thus, Vt is a voltage corresponding to the midpoint of 
the Light and No Light conditions of the diode. 


Since the Automatic Threshold Circuit uses a capacitive 
hold technique the threshold voltage V T is subject to 
decay, as in Figure 3c, when light is removed from CRi. 
A No Light condition of approximately 1/2 second 
duration (a 1 baud data rate) can be used with no 
significant effect on noise immunity. 

If the light is left off indefinitely, the voltage at Vt will 
drop to the noise floor and the TTL Output will be 
subject to normal noise pulse outputs, as illustrated in 
Figure 3d. The first light pulse received will then activate 
the Automatic Threshold Circuit. The initial transition at 
the TTL output may be uncertain for this first pulse, but 
after the first pulse activates the Automatic Threshold 
Circuit there will be no uncertainty in the TTL output. 



It should be noted that the polarity of the transmitter is 
pin-programmable. Thus, in an application where there 
are idle states that exceed 1 / 2 second (such as ASCII data 
transmission) the transmitter may be programmed such 
that the idle state corresponds to a Light On condition 
(see Figure 3e). This will keep the automatic threshold 
activated and there will be no first pulse ambiguity as 
shown in Figures 3f and 3g. Connecting the transmitter 
phasing to 0igo has the disadvantage of keeping the LED 
on during idle periods. LED optical output is a function 
of operating time as shown in Figure 4. 
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FIGURE 4. LED Operating Life. 
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Figure 5 shows the spectral response of the receiver. 



150 400 650 900 1150 

Wavelength (nm) 


FIGURE 5. Receiver Response. 

The Analog Output terminal of the 37 1 2R is the output of 
the linear amplifier Ai. The voltage at this pin is a 
function of the input power to the receiver. As such, it 
makes an excellent diagnostic point for testing the fiber 
optic cable. Monitoring the Analog Output terminal 
gives a relative measure of cable loss at the transmitted 
wavelength and a direct measurement of receiver signal- 
to-noise ratio when the transmitter is off. 

Optional Receiver Threshold Adjustment 

The circuit in Figure 6 is used to add a DC bias voltage to 
the comparator A 3 . This bias voltage may be used to: 
a) Adjust the receiver for maximum sensitivity, or 


b) Eliminate spurious outputs when the transmitter is 
idle for long periods of time and the threshold voltage 
decays to the noise floor of the receiver. 

Adjustment procedure for maximum receiver sensitivity: 

1. Provide a No Light input condition to the receiver. 
(This may be done with a cable connected to an OFF 
transmitter or by using an opaque cap and no cable.) 
The TTL Out may now be changing state due to 
normal receiver noise. 

2. Adjust Ri for an equal number of high and low states 
at the TTL Out. This may be done by observing the 
TTL Out on an oscilloscope or an AC voltmeter. 
When the voltmeter is used adjust Ri for a peak, 
reading. 

Adjustment procedure to eliminate spurious outputs: 

1. Provide a No Light input condition as previously 
described. 

2. Adjust Ri until the voltage at the TTL Output remains 
at a low state. (Note: More offset gives better BER, but 
requires a higher input level to the receiver.) 


3712R (Bottom View) 




Threshold Adjust^ 


7.5kft 4 

-Vcc 

Digital Common 


► |- • 

• 


! +Vcc 


1 

1 , • 

• 

TTL Output 

i 

i } 

> R j Analog ^ 

~ Common^ 


25ka T i Analog - 



Output | 


FIGURE 6. Optional Threshold Adjustment. 


CABLE SELECTION 


The 371 2T and 371 2R with the AMP Optimate Single 
Position Fiber Optic Cable Connector System can be 
used with a wide variety of cable types. The choice of a 
cable type for a particular application of course depends 
upon the details of that application such as link 
environment, link length, cable performance 
characteristics, and cable cost. 

ENVIRONMENTAL CONSIDERATIONS 

The mechanical stresses, environmental temperature 
extremes, and exposure to harsh chemicals must be 
considered when choosing a particular cable. Such things 
as jacketing method and the type of added strength 
members, see Figure 7, determine a cable’s mechanical 


Strength Members 
Buffer Jacket 




Black Polyurethane Outer Jacket 


•Coating 
Cladding 1 . 

Core ) °P tlcal Flber 


FIGURE 7. Typical Step Index Fiber Optic Cable 
Construction. 
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and environmental capabilities. Table I is a list of 
representative cable manufacturers who make cables 
compatible with the 371 2T / R. See Table II for details of 
cable performance. 


TABLE I. Representative Cable Manufacturers. 


AMP (CONNECTORS) 

BELDEN 

(717)564-0101 

(312)232-8900 

AMP, Inc. 

Belden Corp. 

449 Eisenhower Blvd. 

2000 South Batavia 

Harrisburgh, PA 17105 

Geneva, 11 60134 

DUPONT (CROFON) 

DUPONT (PIFAX) 

(302)774-6595 

(302)774-7850 

E.I. DuPont De Nemours 

(302)774-6339 

PP & R Dept., Room D- 12086 

E.I. DuPont De Nemours 

Crofon Fiber Optics Group 

Plastic Products & Resins 

Wilmington, DE 19898 

Wilmington, DE 19898 

GALILEO 

MAXLIGHT 

(617)347-9191 

(602)269-8387 

Galileo Electro-Optics 

Maxlight 

Galileo Park 

Optical Waveguides, Inc. 

Sturbridge, M A 01518 

3035 N. 33rd Drive 

VALTEC 

Phoenix, AZ 85017 

(617)835-6082 


Valtec Corp. 


Fiber Optics Div. 


West Boylston, M A 01583 



DETERMINING CABLE TYPE 

There are three types of optical fibers to choose from: 
Step Index, Single-Mode, and Graded Index. Each type 
specifies the profile or variation of the fiber’s index of 
refraction as a function of radial distance from the fiber’s 
center. In a fiber with a step-index profile, the refractive 
index undergoes an abrupt change (step) in value. This 
step is caused by the sudden change in the index of 
refraction between the fiber’s core and a surrounding 
annular cladding, as shown in Figure 8. 

Step-index fiber with a core diameter of 200/um or larger 
is recommended for use with the 37 1 2T and 37 1 2R. Step- 
index fiber offers the best compromise between core 
diameter, bandwidth, coupling loss, and cost. Single- 
mode and graded-index fiber is not recommended due to 
their small core diameter. The wide bandwidth 
characteristics of these cables are not needed. 



DETERMINING LAUNCHED POWER 

Once the mechanical characteristics and cable type have 
been chosen, it becomes necessary to analyze link 
performance with various cables. First, analyze the 
power launched into a particular cable from the 
transmitter. 

An advantage of the 3712T over most other fiber optic 
transmitters is the way output power has been specified. 
The 3712T specifies the actual power launched into the 
cable. Thus such complicated effects as LED output 
power and emission profile, cable numerical aperture 
(NA), and spacing between the LED transmitter and the 
cable have all been taken into consideration for the user. 
For cable other than those specified in the Electrical 
Specifications Table, the power launched may be 
determined by: 

Pi (Fiber 2) = P,. (Fiber 1 )[( D 2 ) 2 / ( D, ) 2 ], 
where Pl (Fiber 2) is the power launched into the 
unspecified cable whose core diameter is D 2 and Pl 
(F iber 1) is 2.5/uW, minimum, (3.5/xW, typical) the core 
diameter Di of Fiber 1 is 1016/um. 

NUMERICAL APERTURE 

Numerical aperture differences between fibers will 
somewhat modify the results obtained by the equation 
just discussed (e.g., higher NA will increase coupling 
efficiency, thus increasing the power launched into the 
cable). However, this effect is minimum for the 3712T 
because of the physical relationship between the LED 
transmitter and the fiber optic cable. 

DETERMINING MAXIMUM CABLE LENGTH 

Once Pl and LX are known, the maximum cable length 
may be determined. First the loss margin is found, 
LM(dB) = 10 lOg (P L / Pin min). 

For the 3712T with CROFON 1040 1016/xm fiber, P L = 
2.5 juW and for the 3712R, Pm min = 5nW worst case for 
10 -9 BER. Thus, 

LM = 10 log (2.5/j W/5nW) = 10 log 500 = 27dB. 
Then X max , the maximum cable length that will just 
present Pm min to the transmitter is found 

X max = [LM(dB)]/[LX(dB/ m)]. 

For CROFON 1040 at XT = 670nm, LX = 1300dB/km 
X max = 27dB/ 1.3dB(m) = 21 meters. 

If this length is too short, a cable with a larger diameter 
(larger P L ) or less attenuation (smaller LX) must be used. 

Table II shows the link performance for several different 
cables. 

DETERMINING MINIMUM CABLE LENGTH 

Short cable lengths with large core diameter fibers may 
cause some receiver slew rate limit which will appear as 
duty cycle distortion. Limiting the power coupled into 
the receiver from the cable will prevent this from 
occurring. 

The minimum cable length may be determined for a 
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TABLE II. Link Performance vs Various Gable Types. 


Cable 

Manufacturer 

and 

Part Number 

Cable Characteristics 

Link Performance 1 

Recommended 

AMP™ 

Connector 

Core 

Dia. 

(nm) 

Fiber( 1 ) 
Dia. 
(Atm) 

Cable 

Dia. 

(mm) 

LX (2) 
at 670nm 
(dB / km) 

Material 

NA 

Pl 

(MW) 

LM 

(dB) 


poop 

WKTM 


WZFM 


typ 

BELDEN 













220001 

200 

400 

3.8 

12 

0.35 

0.10 


12.9 

18.3 

■mi 

1526 

Contact Belden 

221001 

300 

440 

3.8 

12 

0.35 

0.22 

mm 

16.4 

21.8 

1366 


Contact Belden 

DUPONT 



■■ 










Crofon 1040 

1016 

1016 


1300 


2.50 

3.50 


32.4 

21 

25 

530530-2 

PIFAX-P140 

368 

400 


500 



0.46 

18.2 

23.6 

36 

47 

530530-9 

P1FAX-PIR140 

368 

400 

1.9 

330 



0.46 

18.2 

23.6 

55 

72 

530530-9 

PIFAX-S120 

200 

600 

mm 

43 



■nr ¥ 

12.9 

18.3 

299 

426 

1-530530-2 

PIFAX-S120 


600 

mm 

33 



0.14 

12.9 

18.3 

390 

555 

1-530530-2 

(type 30) 



■ 










GALILEO 



■ 



■ 

■1 

■1 

|p 




3000 LC-P 






y|| 


pig 


U2I 

185 

530530-9 

MAXL1GHT 













KSC200A 

^1 ; - ■ 


2.4 

8 

0.39 


0.14 

12.9 

18.3 

1609 

2289 


KSC200B 

200 


2.4 

27 

0.39 


0.14 

12.9 

18.3 

477 

678 


VALTEC 







mm 

P| 


m 



MD-PC100 
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530530-9 


I) Fiber Diameter = Core Diameter plus Cladding. 2) Conversion Factors: 100|zm = 0.003937 in; 1 000m = 3281 ft. 3) Sold as terminated cable. 


specific cable by calculating the power launched into it as 
previously done using: 

Pl (Fiber 2) = P L (Fiber 1)|(D 2 ) 2 /(D,) 2 ]. 

The typical value of Pl (Fiber 1) should be used since this 
will give the most power into the receiver and result in the 
desired minimum cable length. 

For example, consider a cable with a 368/xm core 
diameter and a cable loss of 330dB/km. The power 
launched into the cable by the transmitter is: 

Pl (Fiber 2) = 3.5/xW [(368 M m) 2 /(1016)um) 2 ] 

Pl (Fiber 2) = 0.46/xW. 


The minimum loss margin is found using the typical 
power launched into the cable and the maximum input to 
the receiver which is 0.2/uW for the 371 2R. 

LM = 10 log [(P L (Fiber 2)/Pi„ max)] 

LM = 10 log [(0.46juW/0/2juW)] = 3.6dB. 

The minimum cable length for the specific cable in this 
example is: X min — LM min /LX 

X min = 3.6dB/0.33dB/m = 1 1 meters. 

If this minimum cable length is not short enough for a 
particular application, use a smaller core diameter cable 
or a cable with higher loss. 


DEFINITION OF TERMS 


ACCEPTANCE ANGLE 

The critical angle, measured from the core centerline, 
above which light will not enter the fiber. It is equal to the 
half-angle of the acceptance cone. 

BAUD 

The number of signaling elements or data bits per second. 

BIT ERROR RATE 

The ratio of incorrect bits to total bits in a received data 
stream. 

CLADDING 

A sheathing or cover of a lower refractive index material 
in intimate contact with the core of a higher refractive 
index material. It serves to provide optical insulation and 
protection to the total reflection surface. 

CORE 

The high refractive index central material of an optical 
fiber through which a light is propagated. 

FIBER 

The material path along which light propagates; a single 
discrete optical transmission element consisting of the 
core and its cladding. 


LX 

Attenuation of a fiber at a specific wavelength. 

LM 

Loss margin. This is the difference in transmitted power 
and received power in decibels. 

NUMERICAL APERTURE (NA) 

See text. 

NRZ 

Nonreturn-to-zero is the term for a transmission code in 
which the signal does not periodically return to zero. 

pl 

Actual power launched into a specific cable. 

RZ 

Return-to-zero. Transmission code for a signal which 
periodically returns to zero. 

RESPONSIVITY 

The spectral response of the receiver at the output of the 
radiant flux-to-voltage converter. Given in millivolts per 
nanowatts. 
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TYPICAL APPLICATIONS 


The 3712T/R Fiber Optic Data Link solves such data 
transmission problems as crosstalk, ringing, and echos. 
Electromagnetic radiation interference is avoided when 
using a fiber optic data link in high noise environments. 
Lightning damage to cables and connected equipment 
can be eliminated where fiber optic cables replace 


metallic conductors. In refineries and chemical plants 
which have explosive atmospheres, sparks from shorted 
electrical cables are eliminated by the fiber optic cable - 
an inherent safety feature. Figures 9 thru 1 1 illustrate the 
use of the 3712 transmitter and receiver to replace 
conventional metal conductor cables. 



Computer 

Terminal 

- 

MC1489A 

RS232-to-TTL 

Converter 

H 

3712T 


Fiber Optic 
Cable 

\z~ 

3712R 

H 

MC1488 

TTL*to-RS232 

Converter 

- 













Computer 



MC1488 








MCI489A 

RS232-to-TTL 




— 

TTL-to-RS232 

Converter 

H 

3712R 


Fiber Optic 
Cable 

b 2 *" 

3712T 

H 

— 


Converter 










i 1 




FIGURE 10. RS232 Compatible Fiber Optic Data Link. 
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371 3T 
371 3R 


High Sensitivity - Medium Speed 
FIBER OPTIC TRANSMITTER AND RECEIVER 


FEATURES 

• LOW COST 

• HIGH SENSITIVITY 

• TTL INPUT/OUTPUT 

• IMMUNITY TO ELECTROMAGNETIC INTERFERENCE 

• NO EXTERNALLY RADIATED SIGNAL 

• ELECTRICAL ISOLATION 

• DUTY CYCLE INDEPENDENT 

• 0°C TO 70°C OPERATION 

DESCRIPTION 

The 3713T and 3713R when connected by a suitable 
fiber optic cable form a 250k baud NRZ fiber optic 
data link capable of operation to 1 .7km. 

The 3713T fiber optic transmitter is an electrical to 
optical tranducer designed for digital data 
transmission over single fiber channels. Transmitter 
circuitry converts TTL level inputs to optical pulses 
at data rates from DC to 2M baud NRZ. 

The 3713R fiber optic receiver is an optical to 
electrical transducer designed for reception of digital 
data over single fiber channels. The receiver circuitry 


APPLICATIONS 

• INDUSTRIAL/PROCESS CONTROL 

• REMOTE INSTRUMENTATION 

SYSTEMS 

•POWER PLANT CONTROL 
•HIGH VOLTAGE OR ELECTROMAGNETIC 
FIELD RESEARCH 
•FACTORY DATA COLLECTION 
•SECURITY SYSTEMS 
•INTRINSIC SAFETY 


converts optical pulses to TTL level outputs with a 
receiver sensitivity of 15nW and data rates to 250k 
baud NRZ. 

An integral optical connector on both the 37 1 3T and 
3713R allows easy interfacing between modules and 
optical fiber without problems of source/ fiber/ 
detector alignment. The metal packages of the 37 1 3T 
and 3713R provide immunity to electromagnetic 
radiation and direct printed circuit board mounting 
with no additional heat sink required. 


TTL INPUT ( 
TRANSMITTER PHASING I 


371 3T 

TRANSMITTER 



ANALOG OUTPUT 
ANALOG COMMON 


DIGITAL COMMON 


THRESHOLD ADJUST 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 • Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Ta = +25°C, +Vdd = 5VDC, ±Vcc = 15VDC and no threshold trim unless otherwise noted. 


PARAMETER 

CONDITIONS 

■59H 

OPTICAL OUTPUT 



Output Power, with maximum output powerO) 

Coupled into: 



1016/um, 0.53NA Fiber 

10 


368 M m, 0.53NA Fiber 

1.5 

Output Power Adjustment RangeO) 
Wavelength 

200/um, 0.4NA Fiber 

0.7 

Rise Time 

10% to 90% 


Fall Time 

Bit Rate 

90% to 10% 



DIGITAL TTL INPUT 


Input "High” Threshold 
Input “Low” Threshold 


POWER SUPPLY 


Voltage 

Current 

Emitter On, with maximum output power 
Emitter On, with minimum output power 
Emitter Off 


TEMPERATURE RANGE 


Operating 


ANALOG SECTION 




RECEIVER, 3713R 


Responsivity 

X = 940nm 

-1.6 

-2.6 


mV/nW 


X = 900nm 

-1.6 

-2.7 


mV/nW 


X = 660nm 

-0.8 

-1.4 


mV/nW 

Detector Active Area 



1.7 


mm2 

Noise Equivalent Power 

X = 900nm, F = 10kHz, BW = 1Hz 


1.2 x 10-13 

1.7 x 10-13 

W/s/Flz 

Output Noise 

10Hz to 10MHz 


1.3 


mV, rms 

Bandwidth 

-3dB 

DC to 100 

DC to 125 


kHz 

Output Offset 

Total Darkness 





25°C 



0.7 

2.2 

mVDC 

70°C 



1.6 


mVDC 

Output Voltage 

Rl = 2kfl 

-10 

-12 


V 

DIGITAL SECTION ( Pin = 50nW at 660nm ) | 

Bit Rate(2) 

NRZ coding 

Oto 200k 

0 to 250k 


Baud 

Duty Cycled) 


0 


100 

% 

Sensitivity(3)W 

BER = 10-9, lOOkB/Sec, X = 660nm, 25°C 

30 

15 


nW 


BER = 10-9, lOOkB/Sec, X = 660nm, 0°C to 70°C 

40 

20 


nW 

Propagation Delay 

Light In, Digital Out 


8 

10 

Msec 

Output Rise Time 

Without external pull-up resistor 


1 


Msec 

Output Fall Time 

Without external pull-up resistor 


0.15 


Msec 

Fan Out 

Without external pull-up resistor 

2 

4 


Unit Loads 

TTL Out "High” 

Without external pull-up resistor 

2.4 

3.2 


V 

TTL Out “Low" 

Without external pull-up resistor 


0.2 

0.4 

V 

Logic Polarity 

No Light 


Low 




POWER SUPPLY 



NOTES: 

1. Optical output power is adjustable. See “Applications Information” section. Optical qutput power is measured into an exit NA of 0.24. 

2. See “Applications Information" section regarding operation of Automatic Threshold Circuit. 

3. May be improved with external threshold voltage trim. See "Applications Information” section. 

4. Input should be limited to VW to avoid duty cycle distortion. 
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MECHANICAL 



Order Number: 

37I3T 

3713R 

AMP ,m Optimate Single Position 
Fiber Optic Connector P/N 530570-1 


5/16-32 NEF- 
2A thread. 


NOTE: 

Leads in true position 
within .015* (.38mm)R 
at MMC at seating 
plane. 


4-40 thread, .150* 
(3.81mm) min. depth, 2 
places in true position 
within .015* (.38mm)R 
at MMC. 


DIM 

INCHES 

MILLIMETERS | 

MIN 

MAX 

MIN 

MAX 

A 

1.610 

1.650 

40.89 

41.91 

B 

3.020 

3.060 

76.71 

77.72 

C 

.640 

.680 

16.26 

17.27 

D 

.038 

.042 

0.97 

1.07 

F 

.075 

.095 

1.91 

2.41 

G 

.200 BASIC 

5.08 BASIC 

H 

.670 | .770 

17.02 | 19.56 

J 

.755 BASIC 

19.18 BASIC 

K 

.250 | .350 

6.35 | 8.89 

L 

2.200 BASIC 

55.88 BASIC 

P 

.100 BASIC 

2.54 BASIC 

R 

.275 

.375 

6.99 

9.53 

S 

.980 

1.020 

24.89 

25.91 

T 

.275 

.315 

6.99 

8.00 

U 

.890 BASIC 

22.61 BASIC | 

V 

.460 

.500 

1 1 .68 

12.70 

w 

.260 

300 

6.60 

7.62 

Y 

.795 

.835 

20.19 

21.21 


PIN CONFIGURATION 


3713T (Bottom View) 3713R (Bottom View) 



*For optional transmitter power adjustment. **For optional receiver threshold adjustment. 


APPLICATIONS INFORMATION 

THEORY OF OPERATION causes the reverse to happen - the LED is on for a digital 

Transmitter Operation low. Operating the 37 1 3T with the transmitter phasing to 

A simplified block diagram of the 3713T transmitter is 018 ° makes il possible to detect a break in the fiber optic 

shown in Figure 1 . The input stage uses a Schmitt Trigger cable when the data link is idle - This ma y be Particularly 

EXCLUSIVE OR Gate G, for noise immunity, and its useful in the transmission of asynchronous data with an 

logic is configured so the phasing Of the transmitter is pin- i d * e sta * e a ^TL l° w - Programming the phase of the 

programmable. When the transmitter phasing terminal is 3713T is discussed more in the “Receiver Operation” 

connected to 0 O the light output is in-phase with the section. 

digital input signal - the LED is on when the TTL Input is Amplifier Ai and the current switch drive a light emitting 

high. Connecting the transmitter phasing terminal to 0i8o diode (LED). 



FIGURE 1. 37 13T Transmitter. 
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Optional Transmitter Power Adjustment 

The optical power output of the 3713T transmitter may 
be adjusted by controlling the resistance between the 
Power Adjust pin and Ground (see Figure 2). This 
controls the peak or “on” current in the LED as described 
by the equation Iled ** 0.65 -s- [lkfl || (22fl + Ri)]. 
Excessive lead length should be avoided when using the 
external resistor, Ri. 


• ft, 


R, = 50011 

crL.l 


+ V |>|) • 

Transmitter 
Phasing * 

TTt. Input • 


Power Adjust 


Digital Common 


3 

3 



FIGURE 2. 3713T Optional Power Adjustment. 


When the resistor is minimum the LED output is 
maximum and as the resistance is increased the LED 
output asymptotically approaches a minimum value. The 
relationships are shown in Table I. 


TABLE I. Transmitter Performance vs Optical Power 
Adjustment. 


Rl(ft) 

(mA) 

% max Power 

Reduction (dB) 

0 

30 

100 

0 

10 

20 

67 

-1.7 

25 

15 

50 

-3 

50 

10 

33 

-5 

100 

6 

20 

-7 

500 

1.9 

6 

-12 

1000 

1.3 

4 

-14 

00 

0.65 

2 

-17 


Normally a link would be operated with Ri =0. For short 
lengths where the cable loss is low, the LED current may 
be reduced to extend the LED’s life. 


Receiver Operation 

A simplified block diagram of the 3713R receiver is 
shown in Figure 3. Input light is converted to a current by 
the PIN photodiode CR1 which is connected in the 
photovoltaic mode for maximum sensitivity. A low bias 
current FET input current-to-voltage converter 
transforms the diode current into a voltage (V A ) which is 
further amplified by A 2 and presented to comparator A 3 
as V B where it is compared to the threshold voltage V T . 
For maximum noise immunity it is desirable to have the 
threshold voltage set to a value corresponding to a level 
halfway between the high value and low value of input 
regardless of the actual light level at the input as shown in 
Figure 4c. In the 371 3R this is accomplished by a peak 
detector type Automatic Threshold Circuit. A pulse of 
light input causes a voltage pulse at V B which is stored in 
the Automatic Threshold Circuit, divided in half, and 
supplied to the comparator as the threshold input V T . 
Thus, Vt is a voltage corresponding to the midpoint of 
the Light and No Light conditions of the diode. 

Since the Automatic Threshold Circuit uses a capacitive 



hold technique the threshold voltage Vt is subject to 
decay, as in Figure 4c, when light is removed from CR 1 . 
A No Light condition of approximately 1/2 second 
duration (a 1 baud data rate) can be used with no 
significant effect on noise immunity. 



If the light is left off indefinitely, the voltage at V T will 
drop to the noise floor and the TTL Output will be 
subject to normal noise pulse outputs, as illustrated in 
Figure 4d. The first light pulse received will then activate 
the Automatic Threshold Circuit. The initial transition at 
the TTL output may be uncertain for this first pulse, but 
after the first pulse activates the Automatic Threshold 
Circuit there will be no uncertainty in the TTL output. 


It should be noted that the polarity of the transmitter is 
pin-programmable. Thus, in an application, where there 
are idle states that exceed 1 / 2 second (such as ASCI I data 
transmission) the transmitter may be programmed such 
that the idle state corresponds to a Light On condition, 
see Figure 4e. This will keep the automatic threshold 
activated and there will be no first pulse ambiguity, as 
shown in Figures 4f and 4g. Connecting the transmitter 
phasing to 0i 8 o has the disadvantage of keeping the LED 
on during idle periods. LED optical output is a function 
of operating time as shown in Figure 5. 


(a) TTL Input to 37 8 |3T. | | | | | j 

_n 

:::_TLn n 

_n 

(b) 3713T Light Output Pulses (transmitter phasing to ft>). 


V H = High __ 

(0 Inputs to A,. _ V, M-FH—FT— x-— 

-Ft 

,d) 37I3R m fr 

uLTu 

n_r 

(e) 3713T Light Output Pulses (transmitter phasing to Oiso). 


<0 Inputs to A,, ""''v, 1— j— 1-+4--1 

V H = Low 

j - 

(g) 3713R TTL Output. ~1 T T [ 1 J 

Low * 1 ' 

“U 


FIGURE 4. Transmitter Phasing for Improved 
Noise Immunity. 
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FIGURE 5. LED Operating Life. 

Figure 6 shows the spectral response of the receiver. 



The Analog Output terminal ot the 37 1 3 R is the output of 
the linear amplifier Ai. The voltage at this terminal is a 
function of the input power to the receiver. As such, it 
makes an excellent diagnostic point for testing the fiber 
optic cable. Monitoring the Analog Output terminal 
gives a relative measure of cable loss at the transmitted 
wavelength and a direct measurement of receiver signal- 
to-noise ratios when the transmitter is off. 

Optional Receiver Threshold Adjustment 

The circuit in Figure 7 is used to add a DC bias voltage to 
the comparator A 3 . This bias voltage may be used to: 


a) Adjust the receiver for maximum sensitivity, or 

b) Eliminate spurious outputs when the transmitter is 
idle for long periods of time and the threshold voltage 
decays to the noise floor of the receiver. 

Adjustment procedure for maximum receiver sensitivity: 

1. Provide a No Light input condition to the receiver. 
(This may be done with a cable connected to an OFF 
transmitter or by using an opaque cap and no cable.) 
The TTL Out may now be changing state due to 
normal receiver noise. 

2. Adjust Ri for an equal number of high and low states 
at the TTL Out. This may be done by observing the 
TTL Out on an oscilloscope or an AC voltmeter. 
When the voltmeter is used adjust Ri for a peak 
reading. 

Adjustment procedure to eliminate spurious outputs: 

1. Provide a No Light input condition as previously 
described. 

2. Adjust Ri until the voltage at the TTL Output remains 
at a low state. Note: More offset gives better BER, but 
requires a higher input level to the receiver. 


3713R (Bottom View) 



Threshold Adjust ^ 

Digital Common 

• 

7.5kft£ R: 

-V C c # 

] j 

+V C c 




• 

TTL Output 

L*£r,! 

25knf ! 

1 1 

Analog f 
Common* 

Analog A 1 

Output ■ I 


FIGURE 7. Optional Threshold Adjustment. 


CABLE SELECTION 


The 3713T and 3713R with the AMP Optimate Single 
Position Fiber Optic Cable Connector System can be 
used with a wide variety of cable types. The choice of a 
cable type for a particular application, of course, depends 
upon the details of that application; link environment, 
link length, cable performance characteristics, and cable 
cost. 


considered when choosing a particular cable. Such things 
as jacketing material and the type of added strength 
members, see Figure 8 , determine a cable’s mechanical 
and environmental capabilities. Table II is a list of 
representative cable manufacturers who make cable 
compatible with the 37 1 3T / R. See Table III for details of 
cable performance. 


ENVIRONMENTAL CONSIDERATIONS 

The mechanical stresses, environmental temperature 
extremes, and exposure to harsh chemicals must be 
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TABLE II. Representative Cable Manufacturers. 


AMP (CONNECTORS) 

BELDEN 

(717)564-0101 

(312)232-8900 

AMP, Inc. 

Belden Corp. 

449 Eisenhower Blvd. 

2000 South Batavia 

Harrisburgh, PA 17105 

Geneva, 11 60134 

DUPONT (CROFON) 

DUPONT (P1FAX) 

(302)774-6595 

(302)774-7850 

E.l. DuPont De Nemours 

(302)774-6339 

PP A R Dept., Room D-12086 

E.L DuPont De Nemours 

Crofon Fiber Optics Group 

Plastic Products & Resins 

Wilmington. DE 19898 

Wilmington, DE 19898 

GALILEO 

MAXLIGHT 

(617)347-9191 

(602)269-8387 

Galileo Electro-Optics 

Maxlight 

Galileo Park 

Optical Waveguides, Inc. 

Sturbridge, M A 01518 

3035 N. 33rd Drive 

VALTEC 

Phoenix, AZ 85017 

(617)835-6082 


Valtec Corp. 


Fiber Optics Div. 


West Boylston, M A 01583 




FIGURE 8. Typical Step Index Fiber Optic Cable 
Construction. 


DETERMINING CABLE TYPE 

There are three basic types of optical fibers to choose 
from: Step-Index, Single-Mode, and Graded-Index. 
Each type specifies the profile or variation of the fiber’s 
index of refraction as a function of radial distance from 
the fiber’s center. In a fiber with a step-index profile, the 
refractive index undergoes an abrupt change (step) in 
value. This step is caused by the sudden change in the 
index of refraction between the fiber’s core and a 
surrounding annular cladding, as shown in Figure 9. 

Step-index fiber with a core diameter of 200 /uni or larger 
is recommended for use with the 3713T and 3713R. Step- 
index fiber offers the best compromise between core 
diameter, bandwidth, coupling loss, and cost. Single- 
mode and graded-index fibers are not recommended due 
to their small core diameter. The wide bandwidth 
characteristics of these cables are not needed. 



DETERMINING LAUNCHED POWER 

Once the mechanical characteristics and cable type have 
been chosen, it becomes necessary to analyze link 
performance with various cables. The first analysis to 
make is the power launched into a particular cable from 
the transmitter. 


An advantage of the 3713T over many other fiber optic 
transmitters is the way output power has been specified. 
The 37 1 3T specifies the actual power launched into the 
cable. Thus, such complicated effects as LED output 
power and emission profile, cable numerical aperture 
(NA), and spacing between the LED transmitter and the' 
cable have all been taken into consideration for the user. 
For cables other than those specified in the Electrical 
Specification Table, the power launched may be 
determined from the curve in Figure 10. 




FIGURE 10. Launched Power vs Core Diameter. 


DETERMINING MAXIMUM CABLE LENGTH 

Once Pl and LX are known, the maximum cable length 
may be obtained. First the loss margin is found by, 
LM(dB) = 10 l0g(P L /Pl„ min). 

For the 3713T with CROFON 1040 1016/um fiber, P L = 
10juW and for the 3713R, Pi„ min = 30nW worst case for 
lO - ’ BER. Thus, 

LM = 10 log (10 M W/30nW) = 10 log 333 = 25dB. 
Then Xm 3X , the maximum cable length that will just 
present Pi n min to the transmitter is found by, 

X M ax = [LM(dB)]/[LX(dB/m)]. 

For CROFON 1040 at XT = 670nm, LX = 1300dB/km 
X Max = 25dB/ 1.3dB(m) = 19 meters. 

If this length is too short, a cable with a larger diameter 
(larger Pl) or less attenuation (smaller LX) must be used. 
Table III shows the link performance for several different 
cables. 

DETERMINING MINIMUM CABLE LENGTH 

Short cable lengths with large core diameter fibers may 
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cause some receiver slew rate limit which will appear as 
duty cycle distortion. Limiting the power coupled into 
the receiver from the cable will prevent this from 
occurring. 

The minimum cable length may be determined for a 
specific cable by calculating the power launched into it as 
previously done using the typical curve from Figure 10. 
The typical value of launched power should be used since 
this will give the most power into the receiver, resulting in 
the desired minimum cable length. 

As an example, consider a cable with a 368)um core 
diameter and a cable loss of 330dB/km. The typical 
power launched into the cable from Figure 10 is 3.5/uW. 

The minimum loss margin is found using the typical 


power launched into the cable and the maximum input to 
the receiver which is l;uW for the 3713R. 

LM =10 lOg ( P L / Pin max) 

LM = 10 log (3.5 M W/ 1 M W) = 5.4dB. 

The minimum cable length for the specific cable in this 
example is: 

^Min LM 

Min /LX 

XMm (5.4dB/0.33dB/m) .= 16 meters. 

If this minimum cable length is too long for a particular 
application, use a smaller core diameter cable, a cable 
with higher loss, or the power launched into the cable 
may be reduced as described in the “Optional 
Transmitter Power Adjustment" section. 


TABLE III. Link Performance vs Various Cable Types. 


Cable 

Cable Characteristics 

Link Performance 


Manufacturer 

Core 

Fiber! 1 ) 

Cable 

LX (2) 

Material 

Pi 

LM 

X Ma , 

Recommended 

and 

Dia. 

Dia. 

Dia. 

at 660 nm 

NA 

(fW) 

(dB) 

(meters) 

amp ,m 

Part Number 

(«m) 

(*im) 

(mm) 

(dB, km) 



K3 

goon 

MRM 

min 

typ 

Connector 

BELDEN 



B| 




■ 






220001 

200 

400 

19 




3, 

14 

20 

1140 

1667 

Contact Belden 

221001 

300 

440 

ml 




o 

16 

22 

1304 

1866 

Contact Belden 

DUPONT 













Crofon 1040 

IQ 16 

1016 

2.2 

1300 

0.53 


15 

25 

30 

19 

23 

530530-2 

PI FAX-PI 40 

368 


1.9 

500 

0.53 

1.5 

3.5 

17 

24 

34 

47 

530530-9 

PIFAX-PIRI40 

368 


1.9 

330 


1.5 

3.5 

17 

24 

51 

72 

530530-9 

PIFAX-S120 

200 


2.4 

43 

0.4 

0.7 

1.5 

14 

20 

318 

465 

1-530530-2 

PI FAX-SI 20 

200 

600 

2.4 

33 

0.4 

0.7 

1.5 

14 

20 

415 


1-530530-2 

(type 30) 











_ . 


GALILEO 



Hg|AH 

mtm 

PH 

WM 

■i 

mm 

■i 

m 






msi 

■SB 


■2b 

m 

Wm 

MM 



530530-9. 



mm 

mm 

■ ■ 

■ ■ 




■i 







■ 

■ I 






1710 


(3) 




mm 

mm 

mix'Hf 




Hi 

507 


(3) 

VALTEC 


mm 

■gum 

■■mi 


■ 

■ 

m 

■i 

■ 



MD-PCI00 

250 

■ 


■ 

0.30 

■on 


D 

WM 


1518 

530530-9 


I) Fiber Diameter = Core Diameter plus Cladding. 2) Conversion Factors: lOOjum = 0.003937 in; 1 000m = 3281 ft. 3) Sold as terminated cable. 


ACCEPTANCE ANGLE 


DEFINITION OF TERMS 

LX 


The critical angle, measured from the core centerline, 
above which light will not enter the fiber. It is equal to the 
half-angle of the acceptance cone. 

BAUD 

The number of signaling elements or data bits per second. 

BIT ERROR RATE 

The ratio of incorrect bits to total bits in a received data 
stream. 

CLADDING 

A sheathing or cover of a lower refractive index material 
in intimate contact with the core of a higher refractive 
index material. It serves to provide optical insulation and 
protection to the total reflection surface. 

CORE 

The high refractive index central material of an optical 
fiber through which a light is propagated. 

FIBER 

The material path along which light propagates; a single 
discrete optical transmission element consisting of the 
core and its cladding. 


Attenuation of a fiber at a specific wavelength. 

LM 

Loss margin. This is the difference in transmitted power 
and received power in decibels. 

NRZ 

Nonreturn-to-zero is the term for a transmission code in 
which the signal does not periodically return to zero. 

PL 

Actual power launched into a specific cable. 

RZ 

Return-to-zero. Transmission code for a signal which 
periodically returns to zero. 

RESPONSIVITY 

The spectral response of the receiver at the output of the 
radiant flux-to-voltage converter. Given in millivolts per 
nanowatts. 
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TYPICAL APPLICATIONS 


The 3713T/R Fiber Optic Data Link solves such data 
transmission problems as crosstalk, ringing, and echos. 
Electromagnetic radiation interference is avoided when 
using a fiber optic data link in high noise environments. 
Lightning damage to cables and connected equipment 
can be eliminated where fiber optic cables replace 


metallic conductors. In refineries and chemical plants 
which have explosive atmospheres, sparks from shorted 
electrical cables are eliminated by the fiber optic cable - 
an inherent safety feature. Figures 11 thru 13 illustrate 
the use of the 3713 transmitter and receiver to replace 
conventional metal conductor cables. 



FIGURE 11. CMOS Compatible Fiber Optic Data Link. 



FIGURE 12. RS232 Compatible Fiber Optic Data Link. 



FIGURE 13. Remote Transducer Readout. 



































Analog Input Voltage-to-Frequency 
FIBER OPTIC TRANSMITTER 


FEATURES 

• ANALOG SIGNAL CONDITIONING 

Instrumentation amplifier input 
CMRof 106dB min at G = 1000 
Input impedance of 10l0n 

• EXCELLENT DC LINEARITY (±0.05% max of FSR) 

• LONG DISTANCE OPERATION (up to 1.7km) 

• FREQUENCY MODULATED TRANSMISSION 

• IMMUNITY TO ELECTROMAGNETIC INTERFERENCE 

• NO EXTERNAL RADIATED SIGNAL 

• ELECTRICAL ISOLATION 

• SELF-CONTAINED 


APPLICATIONS 

• REMOTE INSTRUMENTATION SYSTEMS 

FROM LOW LEVEL SENSORS 

• INDUSTRIAL PROCESS CONTROL 

• POWER PLANT CONTROL 

• MEDICAL MONITORING 

• HIGH VOLTAGE OR ELECTROMAGNETIC 

FIELD RESEARCH 

• LOW COST ANALOG-TO-DIGITAL CONVERSION 

• FACTORY DATA COLLECTION 

• SECURITY SYSTEMS 

• INTRINSIC SAFETY 


DESCRIPTION 

The 37I4T is a versatile, self-contained, analog input 
fiber optic transmitter module. When connected to a 
suitable fiber optic cable and receiver, it is capable of 
transmitting analog input signals as small as lOmV 
full scale for a distance up to 1.7km with a typical 
linearity error of ±0.005%. In addition, it will trans- 
mit a CMOS logic signal at data rates from DC to 2M 
baud NRZ. The 3714T contains a precision instru- 
mentation amplifier (IA), voltage-to-frequency con- 
verter (VFC), and fiber optic transmitter section 
(FOT). 


The IA provides high input impedance of 10 H, 
CM R of 106dB, programmable gain up to 1000V V, 
and level shifting for ±5V max bipolar signals. The 
VFC linearly converts input voltages between 0 and 
+I0V to an adjustable pulse train ranging from 0 to 
50kHz. A DC input produces a fixed frequency 
output and a dynamic analog input produces a 
frequency modulated output. The FOT drives the 
output LED at a resistor programmable power level. 

An AM P IM optimate optical connector on the metal 
case(EMI shieldingjallowseasy interfacing to a fiber 
optic cable without alignment difficulty. 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 ■ Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Ta = +25°C, ±Vcc = 15VDC 


MODEL 


TRANSMITTER 3714T 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TRANSFER FUNCTION! D 

Gt = Gia x Gvfc in Hz/V 



| INSTRUMENTATION AMPLIFIER SECTION | 

Transfer Function 

Gia - IAout/( Vjn+ 

Vjn - 1 — 1 + (40k/RG i in V/V 



lnput(2) 

Unipolar ) 

Bipolar 


0 

-5 


10 

+5 

V 

V 

Gain Range 


1 


1000 

V/V 

Input Impedance 

Differential 



1010|| 3 


n ii pf 

Common-mode 

' 


1010 || 3 


fl II pF 

Input Offset Voltage 



±25 ±i200/G i 

±50 ±i400/G ' 

mV 

Input Offset Drift 




±2 ±(20/G i 

mV/ 0 C 

Bias Current 



±10 

±30 

nA 

Bias Drift 



±0.3 


nA/°C 

Offset Current 



±10 

±30 

nA 

Linearity 



±0.002+ 1CT 5 G 


% of p-p FS 

Settling TimeO) to .01% of FSR 

G = 5 


100 


Msec 


G = 100 


150 


Msec 


G = 1000 


1000 


Msec 

CMRw/lkn source imbalance 

DC to 60Hz, G = 1 

80 

90 


dB 


DC to 60Hz, G= 10 

96 

106 


dB 


DC to 60Hz, G = 1000 

106 

110 


dB 

| VOLTAOE-TO-FREQUENCY CONVERTER SECTION | 

Transfer Function 

Gvfc = (120 x 10* 3 )/|(Ci + 820 x 10 ‘ 12 i(R 2 + 24.3 x 103 1 | in Hz/V 



Gain Error (adjustable to zero) 




±5 

% of FSR 

Linearity 

0.01Hz<F< 10kHz 


±0.002 

±0.01 

% of FSR 


0.1Hz<F< 50kHz 


±0.005 

±0.05 

% of FSR 

Offset Error 




±0.05 

% of FSR 

Power Supply. Sensitivity 



0.01 


% of FSR/% 

Gain Drift 



±75 

±175 

ppm/°C 

Offset Drift 



±1 

±4 

ppm/°C 

Settling Time 

Overload Recovery Time 

to within linearity spec 

1 pulse 

>f new frequency pli 

js Vsec 


I OPTICAL OUTPUT (FIBER OPTIC TRANSMITTER) SECTION! | 

Output Power(4)(5) 

1016/um, 0.53NA 

10 

15 


mW 

(Adj. for Maxi 

368Mm. 0.53NA 

1.5 

3.5 


mW 


200/im, 0.4NA" 

0.7 

1.5 


mW 

Output Power Adjust Ranged) 



17 


dB 

Wavelength 

30nm spectral half width 


660 


nm 

Rise Time 

10% to 90% 


50 


nsec 

Fall Time 

90% to 10% 


80 


nsec 

Bit Rate(6) 

Transmitter only 


Oto 2M 


baud 

[ DIGITAL CMOS INPUT I 

Input “High” Threshold 


70 



%Vcc 

Input “Low" Threshold 




30 

%Vcc 

1 POWER SUPPLY | 

Voltage 

7 



±17 

V 

Current 

LED on, max power 




mADC 


LED on, min power 




mADC 


LED off 




mADC 

| TEMPERATURE 1 

Operating 

Storage 


0 

-25 



°C 

°C 



NOTES: 

1. Total Transfer Function is adjustable and is nominally 5kHz/volt. 

2. IA capable of ±10V input. VFC limited to 0 to +10V input. To convert bipolar inputs to unipolar the IA reference is shifted. 

3. For low I A gains VFC is predominant for settling. 

4. Output power specified is that coupled into three cables shown. Optical output power is measured into an exit Numerical Aperture (NA) of 0.24. 

5. Output is adjustable, see Application Information section. 

6. Bit rate refers to speed of the transmitter in response to a digital input. 
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Gain <dB) Relative Output Power (dB 



Burr-Brown Terminated Fiber Optic Cables 
OCA100/101/102 and Burr-Brown Electrical 
Mati ng Connector 2801 MC may be used. 


5/16 - 32 

NEF - 2A AMP™ Optimate 
thread Fiber Optic Connector 



E£r 

H—i 


K- 1 


NOTE: 

1. Leads in true position 
within 0.015" (38mm) 

R at MMC at seating 
plane. 




IE33EE3I3MiBgB 


H I 

-j»L— u — J 


Pin numbers shown 
for reference only. 
Numbers are not 
marked on package. 


4-40 thread, 0.015" (3.81 mm) min. depth 
2 places in true position within 0.015" (38mm> 
R at MMC. 


PIN DESIGNATIONS 


I.-Vcc 

7. +Vin 

13. Pulse width 

2. Logic <t> 

8. Rg 

14. Fout 

3. Int Out 

9.Rg 

15. Fin 

4. VFCin 

10. -Vin 

16. +Vcc 

5. VFCs.J. 

ll.Vref 

17. PwrAdj 

6. lAout 

12. Common 





■■■■■ ■( * 

im 

■■■■■Lll 

■■■ 

mmmumw 

5 

■Ki 

n 

Ta 


m r 




■ II 

i mm 

■ 

■ 1 

i m 

■ 

i 

1 


1 


10 100 IK 10K 100K 

Output Frequency i Hz) 


0.001 0.01 I 

Capacitance (pin 13 to Common) (j*F) 












THEORY OF OPERATION 

The block diagram of the 3714T is on the front page of 
this data sheet. All circuits are pretested and compatible. 
The precision instrumentation amplifier will accept a 
differential analog signal input through pins 7 and 10 and 
produce a single-ended output at pin 6. This section 
contains low drift, low noise, monolithic operational 
amplifiers in a three-stage arrangement. The instrumenta- 
tion amplifier has the advantages of high input impedance 
(10‘°n || 3pF), high common-mode rejection (106dB at 
G = 1000), low offset voltage (25/xV), adjustable gain up 
to 1000, and adjustable reference to handle unipolar and 
bipolar inputs. For further detail see the data sheet on the 
Burr-Brown 3630AM. 

The VFC section is a monolithic voltage-to-frequency 
converter which produces a digital pulse train output at 
pin 14 with a repetition rate directly proportional to the 
analog input voltage level at pin 4. The output frequency 
is initially set at 50kHz full scale by an 820pF capacitor 
and can be decreased by adding capacitance at pin 13 to 
Common, pin 1 2. This capacitor changes the pulse width 
of a one-shot which controls the direction and duration 
of a ramping voltage (see Typical Performance Curves). 
The ramp is produced by an operational amplifier 
integrator with a nominal capacitor of 0.002/^iF. The rise 
and fall depends on this capacitor in addition to the 
resistor connected between pin 4 and pin 6 in series with 
the internal 24.3k(l resistor. An external capacitor can be 
added between the Integrator Output, pin 3, and the 
operational amplifier Summing Junction, pin 5, to lower 
the ramp. The VFC has the advantages of high linearity 
(±0.05% of FSR max at 50kHz full scale), good stability, 
and frequency modulated output. For further detail see 
the data sheet on the Burr-Brown VFC32BM. 

The Transmitter section consists of an Exclusive OR gate 
which drives a current switch to power the LED. The logic 
phase input at pin 2 determines whether or not the logic 
level input at pin 1 5 will be inverted through the gate. The 
LED light output intensity (power) can be increased by 
connecting resistance between pin 17 and Common, pin 
1 2. Shorter cable links require less light power to prevent 
receiver input saturation. This also prolongs LED life- 
time and reduces power consumption in the transmitter 
(see Typical Performance Curves). 

In the fundamental configuration, the optical signal is 
frequency modulated. It radiates no external energy, is 
immune to interference, and is electrically isolated. 

The fiber optic connector is aligned at the factory for 
optimum performance. This alignment will be disturbed 
if the connector mounting screws are loosened. 

POWER SUPPLY CONNECTIONS 

The 3714T requires ±15V supplies only. For optimum 
performance and noise rejection, all required supply 
bypassing capacitors are internal. A low resistance ex- 
ternal ground return path must be provided for the I A 
input bias currents (pins 7 and 10). This lowers DC offset 
errors. Figure 1 shows a configuration with minimal 


connections and external components for a usable trans- 
mitter circuit. 



FIGURE 1. Minimal Connections. 


OPTICAL POWER ADJUSTMENT 

The optical power of the 3714T may be adjusted by 
controlling the resistance between the Power Adjust, pin 
17 and Common, pin 12. The following equation shows 
LED current. 


0.65 + [lkH || (22+ R,)] (I) 

where Ri is the external resistor shown in Figure 2. 



The leads on Ri should be kept short. When the resistor is 
minimum the LED output is maximum, and as Ri is 
increased, the output asymptotically approaches a mini- 
mum value. This is shown in the performance curve 
“Relative Output Power vs Current Setting Resistor”. 
LED power should be no greater than that required bv the 
cable and receiver (371 3R). See Cable Selection section 
for details. 

FULL SCALE FREQUENCY ADJUSTMENT 

The full scale frequency of the 37141" may be reduced for 
use with lower speed receivers. Two external capacitors 
shown in Figure 3 are chosen as follows. 

C, = (4.1 x IO"')/f ma , -8.20 X 10 farads (2) 
Select the closest standard value to the capacitance given 
by the equation. A low drift capacitor such as an NPO 
ceramic or silver mica type is recommended. The initial 
tolerance is not critical since R: will be adjusted to remove 
initial gain errors. 

C: = (10 J f„„.) -2.2 x 10" farads (3) 

Select one for low leakage and low dielectric absorption. 
A mylar or polycarbonate type is recommended. 
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VFC OFFSET ADJUSTMENT 

The offset may be adjusted by injecting a small current 
into the Summing Junction (SJ) of the VFC. This can be 
accomplished by connecting a 10kH to lOOkH potentio- 
meter, Rj,and IQMll resistor to pin 5 as shown in Figure 
2. IA V ret at pin 1 1 can also be used (see Bipolar 
Operation). Establish the offset by: (1) applying a DC 
input voltage at pins 7 and 10 to produce an output 
frequency of 0.001 x full scale and (2) adjusting R< for 
proper output frequency at pin 14. 


GAIN ADJUSTMENT 


Overall gain is defined in terms of frequency out divided 
by voltage in. The general transfer f unction of Figure 3 is: 



120 x I0~’p +(40+ I0'/R(i)1 
<C, + 820 x lO '-KR: + 24.3 x 10’) 


in Hz/V(4) 


where, 

[1 + (40 x 107 R(0] = Gia = Instrumentation 
Amplifier Gain 


(Ci + 820 +I0”' 2 ) = VFC total one-shot capacitance 
(R: + 24.3 x I0 3 ) = VFC total gain setting resistance 


R(i = external IA gain setting resistor in ohms between 
pins 8 and 9. 


Ci = external one-shot capacitor in farads between pins 3 
and 5. 


R: = external VFC gain setting resistor in ohms between 
pins 6 and 4. 



The nominal value of R: is 5kH, but a 1 OkH potentiometer 
with a TCR of 100ppm/"C can be used to minimize gain 
error. Set gain by: (1) Applying desired full scale DC 
input voltage at pins 7 and 8 and (?) adjusting R : for 
desired frequency at pin 14. 

Once the gain error is zeroed, IA gain may be changed 
while maintaining a very high overall gain accuracy. R<j 
then sets the gain according to the equation: 

Gia = I + (40k/ R (i ) (5) 

for calibration of the basic circuit (Figure 2). This 
involves an iteration between VFC Offset adjustment and 
Gain adjustment. 

Example: 0V ^ V in ^+10V 

OHz^ F„ut ^ 50Hz 

Gi = Fou,/ V in ~ 4.994k H z./ V calculated 

(1) Set V jn = +10mV ±0.1 mV and adjust R? for 50Hz 
±1 Hz. at Font, pin 14. 

(2) Set V in = + 10V ± 1 mV and adjust R; for 50kHz. ± 1 Hz 
at Foui, pin 14. 

(3) Iterate as necessary. 


CURRENT INPUT CONNECTION 

A current input connection can also be achieved by 
injecting a current into the VFC Summing Junction at pin 
5. This is shown in Figure 4. 



BIPOLAR INPUT OPERATION 

A bipolar input can be accommodated by offsetting the 
I A output at the V rct , pin II. Figure 5 shows how this is 
done. The offsetting is necessary because the VFC can 
only accept positive inputs. The effective offset is twice 
the voltage applied to pin II. V r ci source impedance 
should be less than lOkH. 



LOGIC (f> SELECTION 

When Logic </>, pin 2, is +15V. the LED is on for a logic 
high at F m , pin 15. It is opposite when pin 2 is 0V. This 
helps detect cable breaks with idle data inputs, and 
permits optimizing response of receivers using peak 
detection for automatic threshold adjustment. 

LOGIC INPUT OPERATION 


Figure 6 shows a CMOS Logic Input connection. 



COMPATIBLE FIBER OPTIC RECEIVER 

The 3712R and 3713R are compatible receivers for the 
3714T transmitter. As shown in Figure 10, Application 
Information section, the recovered FM digital 37I3R 
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output can be demodulated by a frequency-to-voltage 
converter to obtain an analog signal. An inexpensixe 
analog-to-digital converter is also shown in Figure 10 by 
using a gate and counter to record pulse over a fixed time 
period. 

CABLE SELECTION 

The 3714T and 3 7 1 3 R with the AMP 1 M Optimate Single 
Position Fiber Optic Cable Connector System can be 
used with a wide variety of cable types. The choice of a 
cable type-fora particularapplication, of course, depends 
upon the details of that application: link environment, 
link length, cable performance characteristics, and cable 
cost. 

ENVIRONMENTAL CONSIDERATIONS 

The mechanical stresses, environmental temperature 
extremes, and exposure to harsh chemicals must be 
considered when choosing a particular cable. Such things 
as jacketing material and the type of added strength 
members, see Figure 7, determine a cable’s mechanical 
and environmental capabilities. Table I is a representative 
list of cable manufacturers who make cable compatible 
with the 3714T. See Table II for details of cable 
performance. 



FIGURE 7. Typical Step Index Fiber Optic Cable 
Construction. 

TABLE II. Link Performance vs Various Cable Types. 


TABLE I. 3714T Compatible Cable Manufacturers. 


AMP (CONNECTORS) 

(717) 546-0101 
AMP, Inc. 

499 Eisenhower Blvd. 
Harrisburg, PA 17105 
DUPONT (CROFON) 

(302) 774-6595 
E.l. Dupont De Nemours 
PP & R Dept., Room D-12086 
Crofon Fiber Optics Group 
Wilmington, DE 19898 

GALILEO 

(617) 347-9191 
Galileo Electro-Optics 
Galileo Park 
Sturbridge, MA 01518 

VALTEC 

(617) 835-6082 
Valtec Corp. 

Fiber Optics Div. 

West Boylston, MA 01583 


BELDEN 

(312) 232-8900 
Belden Corp. 

2000 South Batavia 
Geneva, II 60134 
DUPONT iPIFAXi 
( 302i 774-7850 
(302) 774-6339 
E.l. Dupont De Nemours 
Plastic Products & Resins 
Wilmington, DE 19898 

MAXLIGHT 

(602) 269-8387 
Maxlight 

Optical Waveguides, Inc. 
3035 N. 33rd Drive 
Phoenix, AZ 85017 


DETERMINING CABLE TYPE 



There are three basic types of optical fibers to choose 
from: Step-Index, Single-Mode, and Graded-Index. Each 
type specifies the profile or variation of the fiber’s index of 
refraction as a function of radial distance from the fiber’s 
center. In a fiber with a step-index profile, the refractive 
index undergoes an abrupt change (step) in value. This 
step is caused by the sudden change in the index of 
refraction between the fiber’s core and a surrounding 
annular cladding, as shown in Figure 8. 

Step-index fiber with a core diameter of 200fim or larger 
is recommended for use with the3714T and 3713R. Step- 
index fiber offers the best compromise between core 
diameter, bandwidth, coupling loss, and cost. Single- 
mode and graded-index fibers are not recommended due 
to their small core diameter. The wide bandwidth 
characteristics of these cables are not needed. 


Cable 

Manufacturer 

and 

Part Number 

Cable Characteristics 

Link Performance 

— 

Recommended 

AMP™ 

Connector 

Core 

Dia. 

(/imi 

Fiber(i) 
Dia. 
i/im i 

Cable 

Dia. 

( mm i 

LA(2) 

at 660 nm 
(dB/kmi 

Material 

NA 

Pl 

ijuWi 

LM 

dB 

Xmax 
i meters 

min 

typ 

min 

typ 

min 

typ 

BELDEN 













220001 

200 


3.8 

12 

0.35 

0.7 

1.5 

14 

20 

1140 

1667 

Contact Belden 

221001 

300 

440 

3.8 

12 

0.35 

1.1 

2.6 

16 

22 

1304 

1866 

Contact Belden 

DUPONT 













Crofon 1040* 

1016 

1016 

2.2 

1300 

0.53 

10 

15 

25 

30 

19 

23 

530530-2 

PIFAX-P140* * 

368 


1.9 

360 

0.53 

1.5 

3.5 

17 

24 

34 

47 

530530-9 

PIFAX-PIR140 

368 

400 

1.9 

330 

0.53 

1.5 

3.5 

17 

24 

51 

72 

530530-9 

PIFAX-S120 

200 

600 

2.4 

43 

0.4 

0.7 

1.5 

14 

20 

318 

465 

1-530530-2 

PIFAX-S120* * * 

■ 

600 

2.4 

33 

0.4 

0.7 

1.5 

14 

20 

415 

606 

1-530530-2 

(type 30) 













GALILEO 













3000LC-P 

204 

245 

2.2 

100 

0.48 

0.7 

1.5 




200 

530530-9, 

MAXLIGHT 













KSC200A 

200 

300 

2.4 

8 

0.39 

0.7 I 

1.5 

14 

20 

1710 

2500 

(3) 

KSC200B 

200 


2.4 

27 

0.39 

0.7 ! 

1.5 

14 

20 

507 

741 

(3) 

VALTEC 






wm 

■i 






MD-PC100 





0.30 

Uj| 



21 

1055 

1518 

530530-9 


1 1 Fiber Diameter = Core Diameter plus Cladding. 2> Conversion Factors: lOO^m = 0 003937 in; 1000m = 3281 ft. 3' Sold as terminated cable. 
*Same as Burr-Brown OCA100. **Same as Burr-Brown OCA101. ***Same as Burr-Brown OCA102. 
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DETERMINING LAUNCHED POWER 

Once the mechanical characteristics and cable type have 
been chosen, it becomes necessary to analyze link per- 
formance with various cables. The first analysis to make is 
the power launched into a particular cable from the 
transmitter. 

An advantage of the 37I4T over many other fiber optic 
transmitters is the way output power has been specified. 
The 3714T specifies the actual power launched into the 
cable. Thus, such complicated effects as LED output 
power and emission profile, cable numerical aperture 
(N A), and spacing between the LED transmitter and the 
cable have all been taken into consideration for the user. 
For cables other than those specified in the Electrical 
Specification Table, the power launched may be deter- 
mined from the curve in Figure 9. 



FIGURE 9. Launched Power vs Core Diameter. 

DETERMINING MAXIMUM CABLE LENGTH 

Once Pi. and LX are known, the maximum cable length 
may be obtained. First the loss margin is found by, 

LM(dB) = 10 log (P, / Pin min). (6) 

For the 3714T with CROFON 1040 IOI6/um fiber, P, = 
10/iW and for the 3713R, P, n min = 30nW worst-case for 
10" BER. Thus, 

LM = 10 log(10MW/30nW)= 10 log 333 = 25dB. 
Then X ma *, the maximum cable length that will just 
present P in mm to the transmitter is found by,. 

Xmax=[LM(dB)]/[LX(dB/rn)]. 


For CROFON 1040 at XT = 670nm, LX = !300dB/km 
Xmax = 25dB/(I.3dB/m) = 19 meters. 

If this length is too short, a cable with a larger diameter 
(larger Pi ) or less attenuation (smaller LX) must be used. 
Table II shows the link performance for several different 
cables. 

DETERMINING MINIMUM CARLE LENGTH 

Short cable lengths with large core diameter fibers may 
cause some receiver slew rate limit which will appear as 
duty cycle distortion. Lirhiting the power coupled into the 
receiver from the cable will prevent this from occurring. 

The minimum cable length may be determined for a 
specific cable by calculating the power launched into it as 
previously done using the typical curve from Figure 9. 
The typical value of launched power should be used since 
this will give the most power into the receiver, resulting in 
the desired minimum cable length. 

As an example, consider a cable with a 368/im core 
diameter and a cable loss of 330dB (cm. The typical 
power launched into the cable from Figure 9 is 3.5/uW. 
The minimum loss margin is found using the typical 
power launched into the cable and the maximum input to 
the receiver which is 1/uW for the 371 3R. 

LM = 10 log (P| P m max) 

LM = 10 log (3.5 m W 1/x W) = 5.4dB. 

The minimum cable length for the specific cable in this 
example is: 

X min = LM mm LX 
Xmm (5.4dB 0.33d B m) = 16 meters. 

If this minimum cable length is too long for a particular 
application, use a smaller core diameter cable, a cable 
with higher loss, or the power launched into the cable may 
be reduced as described in the Optical Power Adjustment 
section. 

APPLICATION INFORMATION 

Parameters of the OCA 100 101 102 fiber optic cables 
appear in the Cable Selection section. The 37I2R or 
37I3R are compatible receivers. The 2801 MC is an 
electrical mating connector. 

PRECAUTIONS 

The 37 1 4T contains protected CMOS circuitry; however, 
to prevent failures, anti-static handling procedures should 
be observed and the F,„ and Logic inputs must be 
committed to either 0V or + I5V prior to turn-on and 
during operation. Loosening of the cable connector can 
cause misalignment of the LED and fiber. 

RECEIVERS 

The 3713 R will operate over the full 50kHz bandwidth of 
the 37I4T. However, the 3712R will allow longer link 
lengths, but at a lower bit rate of 20k bits sec( 10kHz). In 
this case the full scale frequency of the 37I4T should be set 
to 10kHz (see Figure 3). 
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APPLICATION CIRCUITS 

The 37I4T Fiber Optic Data Link solves such data 
transmission problems as crosstalk, ringing, and echos. 
Electromagnetic radiation interference is avoided when 
using a fiber optic data link in high noise environments. 
Lightning damage to cables and connecting equipment 
can be eliminated where fiber optic cables replace metalic 
conductors. In refineries and chemical plants which have 
explosive atmospheres, sparks from shorted electrical 
cables are eliminated by the fiber optic cable - an inherent 
safety feature. The unique features of the 37 14T allow it to 
be used directly with transducers requiring high sensitivity 
and linearity. Also, an inexpensive analog-to-digital 
converter can readily be constructed. Figures 10 thru 13 


illustrate the use of the 3714T transmitter and 37 1 3 R 
reciever. 

One major application of the 3714T is a Remote Trans- 
ducer Readout, Figure 10. This arrangement utilizes the 
key features of sensitivity and linearity. The transducer 
can be connected directly to the 37 14T input eliminating 
the requirement for an external precision instrumentation 
amplifier. Recovery of the analog signal can be achieved 
by a frequency-to-voltage converter such as the VFC42. A 
digital display can easily be produced by counting the 
TTL pulses from the output of the 3713R. In Figure 12, 
voice can be amplitude modulated and a sensor can be 
frequency modulated over the same cable. Also, two- 
channel multiplexing is possible as shown in Figure 13. 




FIGURE 11. Monitor and Control System Using a Highspeed Rotation Position Sensor. 



FIGURE 12. Monitoring of Parameters from a High Voltage Area with Voice Communication over the Same Cable. 



FIGURE 13. Two-Channel Medical Monitoring. 
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ANALOG CIRCUIT FUNCTIONS 



Analog circuits act as building blocks with which to perform a variety of 
instrumentation, computation, and control functions. They provide a broad 
range of versatile, proven, and ready to use computational function circuits 
for the designer to use in developing simple or complex systems. The analog 
circuit functions include multiplers, dividers, multifunction converters, true 
rms-to-DC converters, logarithmic amplifiers, voltage and window com- 
parators, peak detectors, precision oscillators, and filters. The multifunction 
converter also provide multiply, divide, square root, exponentiate, roots, 
sine, cosine, arctangent, vector magnitude RMS-to-DC and logarithmic 
amplifier functions. 

The availability of these relatively complex functions as precise, versatile, 
easy-to-use, low-cost building blocks has broadened the scope of practical 
analog circuit systems and greatly simplified analog circuit designs. The 
names of mostanalog circuitfunctions are self-explanatory and describe the 
main functions they perform. 

The functions are used mostly for processing (handing) and/or conditioning 
of analog signals, and usually (though not always) for simulation of 
algebraic and/or trigonometrically expressed analog computations. The 
variety of applications these functions are effectively used for, are limited 
only by the designer’s creative imagination. Some of the interesting 
applications where analog circuit functions have found wide acceptance are 
listed in the table on the following page. 
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Types of Applications 

Recommended Analog Circuit Function 

Analog simulation. 

Algebraic and trigonometric computations. 
Power series approximation, function 
fitting and linearizing 

Analog wave shaping. 

Multiplier, Divider, Multifunction 
Converter, Logarithmic Amplifier, 
Oscillator. 

VCO and AGC applications. 

Multiplier, Divider. 

Vector computation. 

Multifunction Converter, Multiplier. 

Power and energy measurements. 

Mu Itipl ier, RMS-to-DC Converter. 

Moduation and demodulation. 

Multiplier, Divider. 

Signal compression. 

Logarithmic Amplifier. 

Log-antilog-log ratio computations. 

Logarithmic Amplifier. 

Light-related measurements. 

Logarithmic Amplifier. 

Analog signal conditioning. 

All circuit functions. 

Instrumentation and control systems. 

All circuit functions. 

Variety of test equipment. 

All circuit functions. 

Transducer excitation 

Oscillator. 

Signal reference. 

Oscillator. 

Alarm circuits. 

Voltage and Window Comparators. 

Bang-bang control applications. 

Voltage and Window Comparators. 

Control of limit stops. 

Voltage and Window Comparators. 

Analog memory and peak detection. 

Peak Detection. 

Fixed-frequency tuned filters. 

ATF-76 Filters. 
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SELECTION GUIDE 
Analog Circuit Functions 


These circuits offer a broad range of versatile, 
proven and ready-to-use analog computational 
functions designed to work in simple and complex 
instrumentation and control systems. Primarily they 
process and/or condition analog signals - usually 


MULTIPLIERS/DIVIDERS 

You can select accuracy from 0.25% to 2% max from 
this complete line of integrated circuit multipliers. 
Most provide full four-quadrant multiplication. All 
are laser-trimmed for accuracy - no trim pots are 


for simulation of algebraic or trigonometric com- 
putations. Burr-Brown has the widest selection of 
such functions available in the industry. How you 
apply these circuits is limited only by your creative 
imagination! 


needed to meet specified performance. These 
compact models bring thecost of high performance 
down to acceptable levels. 


MULTIPLIERS/DIVIDERS 


ModelC) 

Transfer 

Function 

Accuracy 
max at 25°C 
%, max 

Temperature 

Coefficient 

%/°C 

Feed- 

through 

mV 

Offset 

Voltage 

mV 

1% 

Bandwidth 

kHz 

Temp 

Range(2) 

Package 

Price ($) 

Page 

Unit 

100’s 

4203J 

XY/10 

2 

0.04 

50 

20 

40 

Com 

TO-100 

35.20 

19.00 

5-41 

4203K 

* 

1 

0.04 

50 

20 

40 

Com 

TO-100 

48.20 

33.80 

5-41 

4203S, (Q) 

* 

1 

0.04 

50 

20 

40 

Mil 

TO-100 

77.00 

“ 

5-41 

4204J 


0.5 

0.01 

10 

15 

32 

Ind 

DIP 

68.00 

51.00 

5-43 

4204K 


0.5 

0.01 

5 

5 

33 

Ind 

DIP 

88.75 

64.50 

5-43 

4204S, (Qi 


0.25 

0.02 

5 

5 

33 

Mil 

DIP 

101.00 

82.00 

5-43 

4205J 

(Xi -X 2 HY 1 -Y 2 )/10 

2 

0.04 

50 

20 

40 

Com 

TO-100 

31.00 

19.40 

5-41 

4205K 


1 

0.04 

50 

20 

40 

Com 

TO-100 

45.15 

29.35 

5-41 

4205S, (Qi 


1 

0.04 

50 

20 

40 

Mil 

TO-100 

64.50 

38.80 

5-41 

4206J 

XY/10 

0.5 

0.01 

10 

15 

33 

Com 

DIP 

47.00 

29.35 

5-49 

4206K 


0.25 

0.01 

5 

5 

33 

Com 

DIP 

66.80 

41.00 

5-49 

4213AM, (Qi 

[(Xi -X 2 KY 1 - Y 2 )/10]+Z 

1 

0.008 

30 

10 

70 

Ind 

TO-100 

29.35 

18.90 

5-55 

4213BM 


0.5 

0.008 

30 

7 

70 

Ind 

TO-100 

42.50 

28.30 

5-55 

4213SM 


0.5 

0.008 

30 

7 

70 

Mil 

TO-100 

55.00 

37.75 

5-55 

| 4213/MIL Series 


See Military Products 







4214AP 

[(Xi -X 2 )(Yi - Y 2 )/10] + Z 

1 

0.02 

30 

10 

70 

Ind 

DIP 

24.50 

16.30 

5-62 

4214BP 


0.5 

0.02 

30 

7 

70 

Ind 

DIP 

36.70 

26.50 

5-62 

4214RM 


1 

0.02 

30 

10 

70 

Ind 

DIP 

29.60 

22.65 

5-62 

421 4SM 


0.5 

0.02 

30 

7 

70 

Ind 

DIP 

47.95 

35.70 

5-62 


’Same as model above. NOTES: 1 1 “i Q >” indicates product also available with screening for increased reliability. 

2 1 Com = 0 to +70° C; Ind = -25°C to +85°C; Mil = -55°C to +125°C. 


DIVIDERS 

The use of a special log/antilog committed divider Outstanding accuracy is maintained even at very 
design overcomes the major problem encountered low denominator voltages, 
when trying to use a multiplier in a divider circuit. 


| DIVIDERS j 

Model 

Transfer 

Function 

Input 

Range 

Accuracy, max 
D = 250mV 

% 

Temperature 

Coefficient 

%/°C 

0.5% 

Bandwidth 

kHz 

Rated 

Output, min 

Temp 

RangeO) 

Package 

Price ($) 

Page 

Unit 

100’s 

DIV100HP 

N/D 10 

250mV 

1.0 

0.2 

15 

±10V, ±5mA 

Ind 

DIP 

28.75 

17.25 

5-6 

DIV100JP 


to 

0.5 

0.2 

15 

±10V, ±5mA 

Ind 

DIP 

40.25 

26.45 

5-6 

DIV100KP 


10V 

0.25 

0.2 

15 

±10V, ±5mA 

Ind 

DIP 

57.50 

40.25 

5-6 


’Same as model above. NOTES: 1 > Ind = -25°C to +85°C. 
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SPECIAL FUNCTIONS 

This group of models offers many different functions Most are in integrated circuit packages and are 

that are the quick, easy way to solve a wide variety of laser-trimmed for excellent accuracy, 

analog computational problems. 


Model 

Function 

Description 

Comments 

Temp 


Price ($1 | 


Range(h 

Package 

Unit 

100’s 

Page 

4301 

Multifunction 

Y(Z/X) m 


Ind 

DIP 

90.75 

64.70 

5-66 

4302 

Converter 

This function may be used to multiply, 

4301 is hermetically sealed and shielded in 

Ind 

DIP 

50.00 

30.60 

5-68 



divide, raise to powers, take roots and 

a metal package. 43 v 02 is in a 








form sine and cosine functions. 

plastic package. Both units are pin- 
for-pin compatible. 






LOGIOOJP 

Log Ratio 

K Log (I 1 /I 2 ) 

Optimized for log ratio of current inputs. 

Com 

DIP 

36.00 

25.00 

5-14 


Amplifier 

Can provide log and log ratio of current 

Specified over six decades of input 








or voltage inputs. Also forms antilog. 

( 1 nA to 1 mA i. 55mV total error; 

0.25% log conformity. 






4127JG 

Logarithmic 

K Log (Ii/Iref) 

A more versatile part which contains an 

Com 

DIP 

46.00 

31.10 

5-34 

4127KP 

Amplifier 


internal reference and a current 
inverter. 1% and 0.5% accuracy. 

Com 

DIP 

53.00 

; 

39.80 

5-34 

4340 



Laser-trimmed, requires no external 
trimming for rated accuracy. Her- 

Ind 

DIP 

90.75 

64.20 

5-74 

y y/ q t &N* ( .>d« 

log-antilog computational approach. 




metically sealed in a metal package. 






4341 


True rms-to-DC conversion based on a 

Some external trimming required. Lower 

Ind 

DIP 

27.00 

16.85 

5-78 


J 

log-antilog computational approach. 

cost in plastic package. Pin compatible 
with 4340. 






4085BM 

Peak 

These are analog memory circuits 

Digital mode control provides reset 

Com 

DIP 

78.00 

56.00 

5-26 

4085KG 

Detector 

which hold and provide read-out of a 

capability and allows selection of peaks 

Ind 

DIP 

67.65 

47.05 

5-26 

4085SM 


DC voltage equal to peak value of a. 

within a desired time interval. May be 

Mil 

DIP 

103.00 

71.90 

5-26 



complex input waveform. 

used to make peak-to-peak detector. 






4115/04 

Window 

4115/04 provides a window or dual 

The 3 outputs are capable of sinking up to 

Com 

Module 

66.30 

46.00 

5-32 


Comparator 

limit for comparison. Unit has 3 inputs: 

200mA of current, indicating if the input 








one for a voltage that sets upper limit, 
one for a voltage that sets lower limit, 
and one for a signal input. 

voltage is above, below, or in the window. 






4082/03 

Level 

Compares input voltage with user set 

Adjustable hysteresis uncommitted 

Ind 

DIP 

48.25 

31.00 

5-24 


Comparator 

limit. Provides 2-state logic output that 
indicates whether one analog voltage 
is> or< another. 

collector output can sink up to 100mA. 







NOTE: 1 ) Com = 0 to +70°C; Ind = -25°C to +85°C; Mil = -55°C to +125°C. 


FREQUENCY PRODUCTS 

This group of products consists of precision oscil- and attenuation. Both fixed frequency and user 

lators and active filters for both signal generation selected frequency units are available. 






Temp 


| Prices ($) j 


Model 

Function 

Description 

Comments 

Range(h 

Package 

Unit 

100’s 

Page 

4023/25 

Oscillator 

Fixed-frequency ( customer-specified, 

Frequency stability vs temperature: 

Ind 

Module 

199.50 

148.00 

5-22 



10Hz to 20kHz) provides low distortion, 

0.04%/° C max. Amplitude stability vs 








stable amplitude sine wave output. 

temperature: 0.02%/°C max. 






4423 

Oscillator 

Very-low cost in plastic package. 

Frequency range: 0.002Hz to 20kHz. 

Com 

DIP 

19.90 

13.50 

5-82 



Provides resistor programmable 

Frequency stability: 0.01 %/°C. Quadrature 








quadrature outputs (sine and cosine 
wave outputs simultaneously available). 

phase error: ±0.1%. 






UAF41 

Universal 

These filters provide a complex pole 

Add only resistors to determine pole 

Ind 

DIP 

18.25 

9.40 

5-109 

UAF31 

Active 

pair. Based on state variable approach, 

location (frequency and Q). Easily 

Ind 

DIP 

28.95 

16.00 

5-101 

UAF21 

Filter 

low-pass, high-pass and bandpass 

cascaded for complex filter responses. 

Ind 

DIP 

74.00 

46.00 

5-93 

UAF21H.Q 


outputs are available. 


Ind 

DIP 

81.00 

56.00 

5-93 

UAF11 




Ind 

DIP 

46.35 

22.75 

5-93 

UAF11H.Q 




Ind 

DIP 

54.00 

33.50 

5-93 

ATF76 

Fixed- 

Over 60 different types of filters are 

Low-pass, bandpass and band reject. 

Ind 

DIP 

102.00 

49.00 

5-86 

Series 

Frequency 

available from combinations of filter 

Butterworth, Chebyschev and Bessel. 



to 

to 



Active Filter 

type, number of poles and type of 
response. 

2 to 8 poles. 



192.00 

140.00 



NOTE: 1 ) Com = 0 to +70°C; Ind = -25°C to +85°C. 
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GLOSSARY OF TERMS & DEFINITIONS 
Analog Circuit Functions 


ABSOLUTE-VALUE CIRCUIT 

A circuit that produces a unipolar output signal equal to 
the magnitude or absolute value of a bipolar input signal. 

ACCURACY 

The deviation from the ideal output voltage defined as a 
percent of full scale output voltage. 

COMPARATOR 

A device with two stable output states which signal if an 
input current or voltage has crossed a threshold. The 
threshold may be set by one or more other currents or 
voltages, either fixed or variable. 

CREST FACTOR 

The ratio of the peak value of a time-varying signal to its 
rms value. 

CURRENT LIMITING 

Limiting the output current supplied by a circuit for 
protection purposes. 

FEEDBACK 

The return of a portion of the output signal from a device 
to the input of the device. 

FEEDTHROUGH 

The input offset parameter applicable to multipliers. It is 
the output voltage when voltage is applied to one input of 
the multiplier and the other input is at zero. 

FULL POWER FREQUENCY RESPONSE 

The maximum frequency at which the output will swing 
full scale peak-to-peak voltage into a rated load without 
significant distortion of the output. 

HYSTERESIS 

The transfer response lag of comparators controlled by 


positive feedback and resulting in different trip points for 
the two directions of output transition. 

LOGARITHMIC AMPLIFIER 

An amplifier which develops an output voltage that is 
proportional to the logarithm of the input signal. 

OUTPUT OFFSET 

The output voltage when the inputs are grounded. 

RMS 

The root-mean-square value of a time-varying signal E(t) 

over a time period of T is 

E ™, = n/ l/T £ [E(t)]' dt 

RMS CONVERTER 

A circuit that develops a DC output voltage equal in rms 
value to an input signal of arbitrary waveform. 

SETTLING TIME 

The time required for the output to respond to a step 
input and to settle within some specified error band 
around the output final value. 

SLEW RATE 

The maximum rate of change of an output voltage when 
supplying the rated output. 

SMALL SCALE FREQUENCY RESPONSE 

The -3dB output frequency for a small AC signal 
(normally IV, p-p) input. For multipliers, one input may 
be held at +10VDC or -10VDC and the other input held 
at small AC signal. 

WINDOW COMPARATOR 

A compartor that detects levels within a set range or 
window rather than simply distinguishing between levels 
above and below a set point. 
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ANALOG DIVIDER 


FEATURES 

• HIGH ACCURACY 

0.25% maximum error, 40:1 denominator range 

• TWO-QUADRANT OPERATION 
Dedicated log-antilog technique 

• EASY TO USE 

Laser-trimmed to specified accuracy - no 
external resistors needed 

• LOW COST 

• DIP PACKAGE 


APPLICATIONS 

• DIVISION 

• SQUARE ROOT 

• RATIOMETRIC MEASUREMENT 

• PERCENTAGE COMPUTATION 

• TRANSDUCER AND BRIDGE LINEARIZATION 

• AUTOMATIC LEVEL - AND GAIN - CONTROL 

• VOLTAGE CONTROLLED AMPLIFIERS 

• ANALOG SIMULATION 


DESCRIPTION 

The DIVIOO is a precision two-quadrant analog 
divider offering superior performance over a wide 
range of denominator input. Its accuracy is nearly 
two orders of magnitude better than multipliers used 
for division. It consists of four operational amplifiers 
and logging transistors integrated into a single 
monolithic circuit and a laser-trimmed, thin-film 
resistor network. The electrical characteristics of 
these devices offer the user guaranteed accuracy 
without the need for external adjustment - the 
DIVIOO is a complete, single package analog divider. 


For those applications requiring higher accuracy 
than the DI V 100 specifies the capability for optional 
adjustment is provided. These adjustments allow the 
user to set scale factor, feedthrough, and output- 
referred offsets for the lowest total divider error. 
The DI V 1 00 also gives the user a precision, temper- 
ature-compensated reference voltage for external 
use. 

Designers of industrial process control systems, 
analytical instruments, or biomedical instrumenta- 
tion will find the DIVIOO easy to use and also a low 
cost, but highly accurate solution to their analog 
divider applications. 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: G 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Ta = +25°C and ±Vcc = 15VDC unless otherwise noted. 


MODEL 


DIV100HP 

DIV100JP 

DIV100KP 

PARAMETER 

CONDITIONS 


BS3 


KOI 


| 

BTTW 

BH1 

B 

UNITS 

TRANSFER FUNCTION 


Vo = 10N/D 

m 


■ 

mm 

■ 

■ 


ACCURACY 

Rl 3* 10kH 









Total Error 












Initial 

0.25V ^ 10V, N sS| D| 

■ 

0.7 

1.0 

■ 





0.25 

% FSO(D 

vs. Temperature 

1Vs$ 10V, N^| D| 


0.02 

0.05(2) 






* 

% FSO/°C 


0.25V sS IV, N^| D| 

■ 

0.06 

0.2(2)) 




| 


* 

% FSO/°C 

vs. Supply 

0.25V < 10V, Ns$| D| 

■ 

0.15 


■ 



| 



% FSO/% 

Warm-up time to rated performance 


| 

5 


1 



| H 



Minutes 



B B 








Small-Signal Bandwidth 

-3dB 





* 





kHz 

0.5% Amplitude Error 

Small-Signal 


15 








kHz 

0.57° Vector Error 

Small-Signal 










Hz 

Full-Power Bandwidth 

V o = ±10V, l 0 = ±5mA 


30 








kHz 

Slew Rate 

V D = ±10V, l 0 = ±5mA 


2 








V/^sec 

Settling Time 

€ = 1%, AV 0 = 20V 


15 








Msec 

Overload Recovery 

50% Output Overload 


4 






* 


Msec 

| INPUT CHARACTERISTICS | 

Input Voltage Range 












Numerator 

N<| D| 

±10 



* 



* 



V 

Denominator 

D ^ +250mV 

+10 



* 






V 

Input Resistance 

Either Input 


25 



* 





kn 


Full-Scale Output (FSO) 

Rated Output 





■ 

■ 

ii 

1 

| 


■ 

Voltage 

lo = ±5mA 

±10 










Current 

Current Limit 

V 0 = ±10V 

±5 



■ 

■ 

p 

■ 

B 

m 

■ 

Positive 



15 

20(2) 








Negative 



19 

23(2) 




M 


1 

| 

OUTPUT NOISE VOLTAGE 

z 

ii 

o 

< 









fB = 10Hz to 10kHz 












D = +10V 



370 



* 





mV, rms 

D = +250mV 



1 



* 



* 


mV, rms 

I REFERENCE VOLTAGE CHARACTERISTICS Rl^10M(2 | 

Output Voltage 





■i 

■| 




■i 


Initial 

At +25° C 

6.3(2) 

6.6 

6.9(2) 


| 

| 




V 

vs. Supply 



±25 


■ 

| . • 

■ 



1 

M v/v 

Temperature Coefficient 



±50 


. B 




| 


ppm/°C 

Output Resistance 



3 


| 

■ 

| 

1 


II 

kn 

| POWER SUPPLY REQUIREMENTS I 

Rated Voltage 



±15 




mm 

mm 


ifIBfB 

VDC 

Operating Range 

Quiescent Current 




±20 

■ 

■ 

■ 

■ 

■ 

■ 

VDC 

Positive Supply 



5 

7(2) 







mA 

Negative Supply 



8 

10(2) 





| 


mA 

I AMBIENT TEMPERATURE RANGE 1 

Specification 


0 


+70 






JM 

°C 

Operating Range 

Derated Performance 

-25 


+85 



■ B 

| B 


| 

°C 

Storage 


-55 


+125 

■ ■ 


HI 

|| 


■11 

°C 


‘Same as DIV100H. 


NOTES: 

1. FSO is the abbreviation for Full Scale Output. 

2. This parameter is untested and is not guaranteed. This specification is established 
to a 90% confidence level. 

3. See General Information section for discussion. 

4. For supply voltages less than ±20VDC, the absolute maximum input voltage is equal 
to the supply voltage. 

5. Short-circuit may be to ground only. Rating applies to an ambient temperature of 
+38° C at rated supply voltage. 


ABSOLUTE MAXIMUM RATINGS 


Supply 

+?m/nc 

Internal Power Dissipations 

fiftnmW 

Input Voltage Ranged) 

+20VDC 

Storage Temperature Range 

-55° C to +125°C 

Operating Temperature Range 

-25° C to +85° C 

Lead Temperature (soldering 10 seconds) 

+300° C 

Output Short-Circuit Duration(3)(5) 

Continuous 

Junction Temoerature 

175°C 

: i 
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Feedthrough <dBi 


TYPICAL PERFORMANCE CURVES 

(Ta = +25°C, Vcc = ±15VDC unless otherwise noted. ) 


TOTAL ERROR VS 
DENOMINATOR VOLTAGE 


: D-ini 

- -10V< N^ +10V-: 


TOTAL ERROR VS AMBIENT TEMPERATURE 


TOTAL ERROR VS OUTPUT CURRENT 



Ji< 10k look 1M 

Frequency (Hzi 

DENOMINATOR FEEDTHROUGH VS 
DENOMINATOR FREQUENCY 


















& 



Denominator Voltage (Vi 

SMALL-SIGNAL FREQUENCY RESPONSE 


.5 +10 +25 f40 +55 +70 

Ambient Temperature (°Ci 

AMPLITUDE ERROR VS 
NUMERATOR FREQUENCY 



00 Ik 10k 100k 

Numerator Frequency ( Hz 1 

LARGE SIGNAL STEP RESPONSE 



100 Ik 10k 100k 1M 

Frequency ( Hz 1 


TRANSIENT RESPONSE 


20 40 60 

Time ( ^sec 1 


OUTPUT NOISE VS DENOMINATOR VOLTAGE 


Denominator Voltage 1 V > 
LARGE SIGNAL STEP RESPONSE 

, 111 — 1 1 q 

1 D = +250mV 
/ |Cl = 20pF I 

1 T |RL=2kn h" 


0 50 100 150 200 

Time (Msec) 

POWER SUPPLY REJECTION VS 
DENOMINATOR VOLTAGE 


0 50 100 150 200 

Time (Msec) 


PIN CONFIGURATION 


1. Gain Error Adjust 

2. Output 

3. -Vcc 

4. D Input Offset Adjust 

5. Internally Connected to Pin 1 

6. Internally Connected to Pin 14 

7. Internally Connected to Pin 8 

8. Reference Voltage 

9. Denominator (D) Input 

10. Common 

11. N Input Offset Adjust 

12. Output Offset Adjust 

13. Numerator (N) Input 

14. +V C C 


Denominator Voltage (Vi 



Denominator Voltage 1 V 1 


FREQUENCY RESPONSE VS 
DENOMINATOR VOLTAGE 


100k - 4 


-10V Output 

I I 1 

6 8 10 


NONLINEARITY VS 
DENOMINATOR VOLTAGE 


>*' 1 lit 


Denominator Voltage 1 V 


NONLINEARITY VS 
NUMERATOR FREQUENCY 


■■■ 

H 

niiHBiinii 

BBi 

H 

■ 

!IIIIII■WJ| 1 

iiiiiimi 1 

IllfJII 1 

II | 

aaa 

■■■ 

■■■ 

is! ii 

5 

iiiiiiss 1 

■II 

IS! ii 

fA 

■iiliii 1 

H 

ii H i 

1 

ill 1 

Isssssiisssssiii 

ii 

iiiiiiSi ii 


10 100 Ik 10k 100k 

Numerator Frequency Hz 

TRANSIENT RESPONSE 





n 


— 




( 




c 

D = 

+10V 

20pF 


r 











_ 























I 


0 10 20 30 40 

Time(Msec) 

QUIESCENT CURRENT VS 
AMBIENT TEMPERATURE 


% 8 


014 1 o 

013 2 O 

012 30 

OH 4 0 

OIO 5 0 

0 9 60 

O 8 7Q 


MECHANICAL 

I divioohp 

ORDER NUMBER: / DIV100JP 
I DIV100KP 

CASE: Epoxy ' 

WEIGHT: 2.7 Grams 
CONNECTOR: 0145MC 


ri 


Positive Supply 1 


5 15 25 35 45 55 65 

Ambient Temperature i°C , 


NOTE: 

Leads in true position within 
0.010" (0.25mm i R at MMC at 
seating plane. 



jfrmm 1 F? 

rJuxj.u 



Pin numbers shown for 
reference only. Numbers are 
not marked on package. 







DEFINITIONS 


TRANSFER FUNCTION 

The ideal transfer function for the DIV100 is: 

Vout = 10 N/D 

where: N = Numerator input voltage 

D = Denominator input voltage 
10 = Internal scale factor 

Figure 1 shows the operating region over the specified 
numerator and denominator ranges. Note that below the 
minimum denominator voltage (250mV) operation is 
undefined. 



output amplifier. Individual errors are not specified 
because it is their sum that affects the user’s application. 

SMALL-SIGNAL BANDWIDTH 

Small-signal bandwidth is the frequency the output drops 
to 70% (-3dB) of its DC value. The input signal must be 
low enough in amplitude to keep the divider’s output 
from becoming slew-rate limited. A rule-of-thumb is to 
make the output voltage lOOmV, p-p, when testing this 
parameter. Small-signal bandwidth is directly propor- 
tional to denominator magnitude as described in the 
Typical Performance Curves. 


0.5% AMPLITUDE ERROR 


At high frequencies the input-to-output relationship is a 
complex function that produces both a magnitude and 
vector error. The 0.5% amplitude error is the frequency at 
which the magnitude of the output drops 0.5% from its 
DC value. 


0.57° VECTOR ERROR 

The 0.57° vector error is the frequency at which a phase 
error of 0.0 1 radians occurs. This is the most sensitive 
measure of dynamic error of a divider. 



ACCURACY 

Accuracy is specified as a percentage of full-scale output 
(FSO). It is derived from the total error specification. 

TOTAL ERROR 

Total error is the deviation of the actual output from the 
ideal quotient 1 ON/ D expressed in percent of FSO( 1 0 V); 
e.g., for the DIV100K: 

V 0 ut (actual) V 0 ut (ideal) ± total error, 

where: Total error = 0.25% FSO = 25mV. 

It represents the sum of all error terms normally associated 
with a divider: numerator nonlinearity, denomimator 
nonlinearity, scale-factor error, output-referred numer- 
ator and denominator offsets, and the offset due to the 


LINEARITY 

Defining linearity for a nonlinear device may seem 
unnecessary; however, by keeping one input constant the 
output becomes a linear function of the remaining input. 
The denominator is the input that is held fixed with a 
divider. Nonlinearities in a divider add harmonic dis- 
tortion to the output in the amount of: 

Percent Distortion « Percent Nonlinearity 

x/T 

FEEDTHROUGH 

Feedthrough is the signal at the output for any value of 
denominator within its rated range, when the numerator 
input is zero. Ideally the output should be zero under this 
condition. 


GENERAL INFORMATION 


WIRING PRECAUTIONS 

In order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
10/iF tantalum capacitor in parallel with a lOOOpF 
ceramic capacitor from the +Vcc and -Vcc pins to the 
power supply common. The connection of these capaci- 
tors should be as close to the DIV100 as practical. 

CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads of 
up to lOOOpF, typically. Higher capacitive loads can be 
driven if a 22H carbon resistor is connected in series with 
the DIV 100’s output. 


OVERLOAD PROTECTION 

The DIV 100 can be protected against accidental power 
supply reversal by putting a diode( 1 N4001 , type) in series 
with each power supply line as shown in Figure 2. This 
precaution is necessary only in power systems that 
momentarily reverse polarity during turn-on or turn-off. 

If this protection circuit is used, the accuracy of the 
DIV 100 will be degraded by the power supply sensitivity 
specification. No other overload protection circuit is 
necessary. Inputs are internally protected against over- 
voltages and they are current-limited by at least a 10kO 
series resistor. The output is protected against short 
circuits to power supply common only. 
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STATIC SENSITIVITY 

No special handling is required. The D1V 100 does not use 
M OS-type transistors. Furthermore, all external leads 
are protected by resistors against low energy electrostatic 
discharge (ESD). 


INTERNAL POWER DISSIPATION 



Figure 3 is the thermal model for the DIV100 where: 
Pdq = Quiescent Power Dissipation 

= | +Vcc| I+QUIESCENT + | -VcC.| I-QUIESCENT . 

Pdx = Worst case power dissipation in the output 
transistor 

= V{-(' 2 /4Ri. 0 ai> (for normal operation) 

VcC ^(output limit) (for short-circuit) 


Tj = Junction Temperature (output loaded) 

Tj* = Junction Temperature (no load) 

Tc = Case Temperature 
T A = Ambient Temperature 
6 = Thermal Resistance 

This model is obviously not the simple one power source 
model that most linear device manufacturers give. It is, 
however, a more accurate model for a multidevice 
monolithic or hybrid integrated circuit. 

The model in Figure 3 must be used in conjunction with 
the DIV 100’s absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 
As an example of how to use this model, consider this 
problem: 

Determine the highest ambient temperature at which 
the DIV 100 may be operated with a continuous short 
circuit to ground. Vcc = ±15VDC. 

P D(max) = 600m W. Tj(max) = + 175°C. 

Ta = Tj(max) - Pdq (02 +.03) - PDX(short=circuit) (01+02+03) 

= 175°C - 18°c- 1 19°C = 38°C 

Pn(actual) PdQ + PDX(short=circuit) ^ PD(max) 

= 255mW + 345 mW = 600mW 

The conclusion is that the device will withstand a short- 
circuit up to Ta = +38°C without exceeding either the 
175°C or 600m W absolute maximum limits. 

LIMITING OUTPUT VOLTAGE SWING 

The negative output voltage swing should be limited to 
± 1 1 V , maximum, to prevent polarity inversion and 
possible system instability. This should be done by 
limiting the input voltage range. 


THEORY OF OPERATION 


The DIV 100 is a log-antilog divider consisting of four 
operational amplifiers and four logging transistors inte- 
grated into a single monolithic circuit. Its basic principal 
of operation can be seen by an analysis of the circuit in 
Figure 4. 



FIGURE 4. One-Quadrant Log-Antilog Divider. 

The logarithmic equation for a biopolar transistor is: 
V BE = V T ln(I c /Is), (1) 


where: V T = kT/q 

k = Boltzmann’s constant = 1.381 x 10"^ 

T = Absolute temperature in degrees Kelvin 
q = Electron charge = 1.602 x 1(H9 
L = Collector current 
I s = Reverse saturation current 
Applying equation (1) to the four logging transistors 
gives: 

ForQi: 

V be = V B - V E = V r [ln( V REF / R x - In Is] 

This leads to: 

V, = -V T [ln(V REF / Rx - In Is] 

For Q 2 : 

V, - V 2 = V T [ln(VN/R N )-ln Is] 

For Q 3 : 

V 3 = -Vx[ln (V D / Rd) - In Is] 

We have now taken the logarithms of the input voltage 
Vref, V N , and V D . Applying equation (1) to Q4 gives: 

V 3 - V 2 = V T [In (V 0 / R 0 ) - In I s ]. 

Assume V T and I s are the same for all four transistors (a 
reasonable assumption with a monolithic IC). Solving 
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FIGURE 5. DIV 100 Two-Quadrant Log-Antilog Circuit. 


this last equation in terms of the previously defined 
variables and taking the antilogarithm of the result 

yield , S ; _ Vref Vn R„ Ri, 

v„ Rx Rn ' 1 


In the DIV 100 Vrm = 6.6V, R„= R\ = Rn, and Rx is such 
that the transfer function is: 

V 0 = 10 N D (3) 


where: N = Numerator Voltage 

D = Denominator Voltage 

Figure 5 is a more detailed circuit diagram for the 
DIV 100. In addition to the circuitry included in Figure 3, 
it also shows the resistors (R 3 , R 4 , Rs, R 9 , and Rio) used 
for level-shifting. This converts the DIV 100 to a two- 
quadrant divider. 

The implementation of the transfer function is equation 
(3) is done using devices with real limitations. For 
example, the value of the D input must always be 
positive. If it isn’t, Q3 will no longer conduct, A3 will 
become open loop, and its output and the DIV 100 output 
will saturate. This limitation is further restricted in that if 
the D input is less than +250mV the errors will become 
substantial. It will still function, but its accuracy will be 
less. 

Still another limitation is the value of the N input must 
always be equal to or less than the absolute value of the D 
input. From equation (3) it can be seen that if this 


limitation is not met V 0 will try to be greater than the 10V 
output voltage limit of A4. 

A limitation that may not be obvious is the effect of 
source resistance. If the numerator or denominator 
inputs are driven from a source with more than 10H of 
output resistance, the resultant voltage divider will cause 
a significant output error. This voltage divider is formed 
by the source resistance and the DIV 100 input resistance. 
With Rsotrct: = I OH and Rinpit (diviooj — 25kH an error 
of 0.04% results. This means that the best performance of 
the DIV 100 is obtained by driving its inputs from 
operational amplifiers. 

Note that the reference voltage is brought out to pins 7 
and 8. This gives the user a precision, temperature- 
compensated reference for external use. Its open-circuit 
voltage is +6.6VDC, ±0.075V, typically. Its Thevenin 
equivalent resistance is 3kH. Since the output resistance 
is a relatively high value, an operational amplifier is 
necessary to buffer this source as shown in Figure 6. The 
external amplifier is necessary because current drawn 
through the 3kO resistor will effect the DIV 100 scale 
factor. 



7 

| 



DIV100 

> 





D— < 

* — 



8 

3527AM 



FIGURE 6. Buffered Precision Voltage Reference. 


OPTIONAL ADJUSTMENTS 


Figure 7 shows the connections to make to adjust the 
DIV 100 for significantly better accuracy over its 40-to-l 
denominator range. 

The adjustment procedure is: 

1. Begin with Ri, R 2 , and R 3 set to their mid-position. 

2. With N = D = 10.000V, ±lmV, adjust R t for 
Vo = +1 0.000 V, ±lmV. This sets the scale factor. 

3 . Set D to the minimum expected denominator voltage. 
WithN = D, adjust R 2 for V Q = -10.000V. This adjusts 
the output referred denominator offset errors. 

4. With D still at its minimum expected value make 
N.= +D. Adjust R 3 for V 0 = 1 0.000 V. This adjusts the 
output referrred numerator offset errors. 

5. Repeat steps 2-4 until the best accuracy is obtained. 



FIGURE 7. Connection Diagram for Optional 
Adjustments. 
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TYPICAL APPLICATIONS 


CONNECTION DIAGRAM 

Figure 8 is applicable to each application discussed in this 
section, except the square root mode. 



FIGURE 8. Connection Diagram - Divide Mode. 

RATIOMETRIC MEASUREMENT 


The DIV100 is useful for ratiometric measurements such 
as efficiency, elasticity, stress, strain, percent distortion, 
impedance magnitude, and fractional loss or gain. These 
ratios may be made for instantaneous, average, RMS, or 
peak values. 

The advantage of using the DIV100 can be illustrated 
from the example shown in Figure 9. 



FIGURE 9. Weighing System - Fractional Loss. 

The LVDT (Linear Variable Differential Transformer) 
weigh cell measures the force exerted on it by the weight 
of .the material in the container. Its output is a voltage 
proportional to: 

W = 

i a 

/ 

where: W = Weight of material 
F = Force 

g = Acceleration due to gravity 
a = Acceleration (acting on body of weight W) 

In a fractional loss weighing system the initial value of the 
material can be determined by the volume of the container 
and the density of the material. If this value is then held 
on the D-inputtothe DIV 100 for some time interval, the 
DIV100 output will be a measure of the instantaneous 
fractional loss: 

Loss (L) = Winstantaneous/ Winitiai. 

Note that by using the DIV100 in this application the 
common physical parameters of g and a have been 
eliminated from the measurement, thus eliminating the 
need for precise system calibration. 

The output from a ratiometric measuring system may 
also be used as a feedback signal in an adaptive process 
control system. A common application in the chemical 
industry is in the ratio control of a gas and liquid flow as 
illustrated in Figure 10. 



FIGURE 10. Ratio Control of Water to Hydrochloric 
Gas 

PERCENTAGE COMPUTATION 


A variation of the direct ratiometric measurements 
previously discussed is the need for percentage compu- 
tation. In Figure 11 the DIV 100 output varies as the 
percent deviation of the measured variable to the standard. 



FIGURE 1 1. Percentage Computation. 

TIME AVERAGING 


The circuit in Figure 12 overcomes the fixed averaging 
interval and crude approximation of more conventional 
time averaging schemes. 


,5 “ 

Integrator 

H 

N 

T 

Reset ^ 

1 

■ 

□IV 1 00 

^out = * = T* /xdt 

Control 






Ramp 


n 

0 


Generator 

n 

u 



FIGURE 12. Time Averaging Computation Circuit. 


BRIDGE LINEARIZATION 

The bridge circuit in Figure 13 is fundamental to 
pressure, force, strain and electrical measurements. It can 
have one or more active arms whose resistance is a 
function of the physical quantity, property, or condition 
that is being measured; e.g., torce of compression. For 
the sake of explanation the bridge in Figure 13 has only 
one active arm. 
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The differential output voltage Vba is: 

v „ A = v „- v A 

a nonlinear function of the resistance change in the 
active arm. This nonlinearity limits the useful span of the 
bridge to perhaps ±10% variation in the measured 
parameter. 


Bridge linearization is accomplished using the circuit in 
Figure 14. The instrumentation amplifier converts the 
differential output to a single-ended voltage needed 
to drive the divider. The voltage-divider string makes the 
numerator and denominator voltages: 


-V, \<5 R,n 


(2Ri + 3Rin)(2 + 6) 


2 Vex Rid 


(2R, + 3Rii>)(2 + <5) 


,and , 


, respectively, 


where: Rin = DIV100 numerator input resistance 
R iD = DIV100 denominator input resistance 
Applying these voltages to the DIV100 transfer function 
gives: 

V = JON D- (2R. +3R„))(Rix6) 10 
(2R, +3RisX2Ri,>) 

which reduces to: 

Vo = -56 

if the divider’s input resistances are equal. 

The nonlinearity of the bridge has been eliminated and 
the circuit output is independent of variations in the 
excitation voltage. 



AUTOMATIC GAIN CONTROL 

A simple AGC circuit using the DIV100 is shown in 
Figure 1 5 . The numerator voltage may vary both positive 
and negative. The divider’s output is half-wave rectified 
and filtered by Di, R 3 , and C 2 . It is then compared to the 
DC reference voltage. If a difference exists the integrator 


sends a control signal to the denominator input to 
maintain a constant output, thus compensating for input 
voltage changes. 



FIGURE 15. Automatic Gain Control Circuit. 


VOLTAGE-CONTROLLED FILTER 

Figure 16 shows how to use the DIV100 in the feedback 
loop of an integrator to form a voltage-controlled filter. 
The transfer function is: 

Vput(S) _ K 

V in(S , rS + 1 

where: K = -R 2 / Ri 

_ IOR2C 

V CONTROL 

This circuit may be used as a single-pole low-pass active 
filter whose cutoff frequency is linearily proportional to 
the circuit’s control voltage. 



FIGURE 16. Voltage - Controlled Filter. 


SQUARE ROOT 



FIGURE 17. Connection Diagram for Square Root Mode. 
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Precision 

LOGARITHMIC AND LOG RATIO AMPLIFIER 


FEATURES 

APPLICATIONS 

• HIGH ACCURACY 

• LOG, LOG RATIO AND ANTILOG 

0.37% FSO max Total Error 

COMPUTATIONS 

over 5 decades 

• ABSORBANCE MEASUREMENTS 

• GOOD LINEARITY 

• DATA COMPRESSION 

0.1% max Log Conformity 

• OPTICAL DENSITY MEASUREMENTS 

over 5 decades 

• DATA LINEARIZATION 

• EASY TO USE 

• CURRENT AND VOLTAGE INPUTS 

Pin-selectable Gains 


Internal Laser-trimmed Resistors 


• WIDE INPUT DYNAMIC RANGE 


6 Decades, InA to 1mA 




DESCRIPTION 


The LOG 100 uses advanced integrated circuit techno- 
logies to achieve high accuracy, ease of use, low cost, 
and small size. It is the logical choice for your 
logarithmic-type computations. The amplifier has 
guaranteed maximum error specifications over the 
full six-decade input range (InA to 1mA) and for all 
possible combinations of Ii and h. Total error is 
guaranteed so that involved error computations are 
not necessary. 

The circuit uses a specially designed compatible thin- 
film monolithic integrated circuit which contains 
amplifiers, logging transistors, and low drift thin- 
film resistors. The resistors are laser-trimmed for 


maximum precision. FET input transistors are used 
for the amplifiers whose low bias currents (IpA 
typical) permit signal currents as low as InA while 
maintaining guaranteed total errors of 0.37% FSO 
maximum. 

Because scaling resistors are self-contained, scale 
factors of IV, 3 V Or 5V per decade are obtained 
simply by pin selections. No other resistors are 
required for log ratio applications. The LOG 100 will 
meet its guaranteed accuracy with no user trimming. 
Provisions are made for simple adjustments of scale 
factor, offset voltage, and bias current if enhanced 
performance is desired. 


International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 • Twx: 910-952 1 1ll - Cable: BBRC0RP - Telex: 66-6491 
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ELECTRICAL SPECIFICATIONS 

Specifications at Ta = +25°C and ±Vcc = ±15V unless otherwise noted. 


PARAMETER 

| CONDITIONS 

| MIN 

1 TYP 1 

MAX 

| UNITS 

TRANSFER FUNCTION 



Vout = K Log ( I 1 /I 2 ) 




Log Conformity ErrorO) 
Initial 

Over Temperature 

K Range(2) 

Accuracy 

Temperature Coefficient 


Total ErrorO) 
Initial 


vs Temperature 


Either li or I 2 

InA to 100^ A (5 decades) 

InA to 1mA (6 decades) 

1 n A to 1 00 m A ( 5 decades ) 
InA to 1mA (6 decades) 


K = 1,(4) Current Input Operation 

li, I 2 = 1mA 

ll, I 2 = 100m A 

li, l2 = 10 M A 

ll, 12 = 1 mA 

li, I 2 = lOOnA 

ll, I 2 = 10nA 

li, I 2 = InA 

ll, 12 = 1mA 
ll, l 2 = 100 M A 
ll, I 2 = 10m A 
h, 12 = 1mA 
li, 12 = lOOnA 
li, I 2 = 10nA 
li, 12 = InA 

li, I 2 = 1mA 
li, 12 = 100mA 
li, I 2 = 1 0 m A 
li, 12 = 1 mA 
li, 12 = 100nA 
li, I 2 = 10nA 
li, I 2 = InA 


INPUT CHARACTERISTICS (of amplifiers Ai and A 2 ) 

Offset Voltage 
Initial 

vs Temperature 
Bias Current 
Initial 

vs Temperature 

Voltage Noise 10Hz to 10kHz, RTI 

Current Noise 10Hz to 10kHz, RTI 

AC PERFORMANCE 

3dB Response^), I 2 = 10mA 
InA Cc = 4500pF 

1 m A Cc = 150pF 

10m A Cc = 150pF 

1 mA Cc = 50pF 

Step Response^) 

Increasing Cc = 150pF 

1mA to 1mA 
lOOnAtoVA 
10nA to lOOnA 

Decreasing Cc = 150pF 

1mA to 1 mA 
1mA to lOOnA 
lOOnA to 10nA 

OUTPUT CHARACTERISTICS 

Full Scale Output (FSO) 

Rated Output 

Voltage Iout = ±5mA 

Current Vout = ±1 0V 

Current Limit 
Positive 
Negative 
Impedance 

POWER SUPPLY REQUIREMENTS 

Rated Voltage 

Operating Range Derated Performanct 

Quiescent Current 


doubles every 10°C 

! 3 I 

i 0.5 I 


Iout = ±5mA 
Vout = ±10V 


% 

%/°C 

%/°C 

V/decade 

% 

%/°C 



±55 

mV 


±30 

mV 


±25 

mV 


±20 

mV 


±25 

mV 


±30 

mV 


±37 

mV 

±0.20 


mV/°C 

±0.37 


mV/°C 

±0.28 


mV/°C 

±0.033 


mV/°C 

±0.28 


mV/°C 

±0.51 


mV/°C 

±1.26 


mV/°C 

±4.3 


mV/V 

±1.5 


mV/V 

±0.37 


mV/V 

±0.11 


mV/V 

±0.61 


mV/V 

±0.91 


mV/V 

±2.6 


mV/V 



Derated Performance 
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ELECTRICAL (CONTD) 


Specifications at Ta = +25°C and ±Vcc = ±15V unless otherwise noted. 


| PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS | 

| AMBIENT TEMPERATURE RANGE 1 

Specification 


0 


+70 

°C 

Operating Range 

Derated Performance 

-55 


+125 

°c 

Storage 


-55 


+125 

°c 


NOTES: 

1 . Log Conformity Error is the peak deviation from the best-fit straight line of the Vout vs log I in curve expressed as a percent of peak-to-peak full 
scale output. 

2. May be trimmed to other values. See Applications section. 

3. The worst-case Total Error for any ratio of I 1 /I 2 is the largest of the two errors when h and I 2 are considered separately. 

4. Total Error at other values of K is K times Total Error for K = 1 . 

5. Guaranteed by design. Not directly measurable due to amplifier’s committed configuration. 

6. 3dB and transient response are a function of both the compensation capacitor and the level of input current. See Performance Curves. 


ABSOLUTE MAXIMUM RATINGS 

Supply 

±18V 

Internal Power Dissipation 

600mV 

Input Current 

10mA 

Input Voltage Range 

±18V 

Storage Temperature Range 

-55° C to +125°C 

Lead Temperature (soldering 10 seconds) 

+300° C 

Output Short-circuit Duration 

Continuous to ground 

Junction Temperature 

175°C 


SCALE FACTOR PIN CONNECTIONS 


V/decade 

Connections 

5 

5 to 7 

3 

4 to 7 

1.9 

4 and 5 to 7 

1 

3 to 7 

0.85 

3 and 5 to 7 

0.77 

3 and 4 to 7 

0.68 

3 and 4 and 5 to 7 


PIN CONFIGURATION 


1. h INPUT 

2. SCALE FACTOR TRIM 

3. K = 1 

4. K = 3 

5. K = 5 

6. +Vcc 

7. OUTPUT 

8. NO INTERNAL CONNECTION 

9. -Vcc 

10. COMMON 

11. NO INTERNAL CONNECTION 

12. NO INTERNAL CONNECTION 

13. NO INTERNAL CONNECTION 

14. I 2 INPUT 


o 14 

1 0 

o 13 

2 0 

o12 

3 0 

oil 

4 0 

o10 

5 ° 

0 9 

6 0 

0 8 

70 


(Bottom View) 


MECHANICAL 




F?- 

J.L 


Denotes Pin 1 



ORDER NUMBER: LOGIOOJP 
CASE: Epoxy 
WEIGHT: 2.7 grams 
CONNECTOR: 0145MC 

NOTE: 

Leads in true position within 
0.010" (0.25mm) R at MMC at 
seating plane. 


UJ 



MAIM 

122231 

BQUJB 

B'iV-V 

Bl 


ES91 


EBB 



EDH 

BTE^B 

BHffB 




WESM 

^HHSB 

mm 

ES91 


HE9 

BHRB 

'EH 



mm 

EUB 

BOB 

BBSS 

M4-IB 

ni 

BH3BI 


iBHETOB 

TT1 




u 




Pin numbers shown for 
reference only. Numbers are 
not marked on package. 


FREQUENCY COMPENSATION 
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Trimmed Output Error (mV) Normalized Output Voltage (V) 


PERFORMANCE CURVES 

(Typical at Ta = +25°C, Vcc = 115VDC unless otherwise noted, i 


NORMALIZED TRANSFER 



0.001 0.01 0.1 


ONE CYCLE OF NORMALIZED 
TRANSFER FUNCTION 


Current Ratio, - 



TRIMMED OUTPUT ERROR 
VS INPUT CURRENT 


+50 

+40 

+30 

+20 

+10 

0 

-10 

-20 


— 1 — “ — — 1 — 

Gain Error and | | 

□ 


u 

to 

Zero. 




























/ 








* 



7 














^2 



-50 u. 

S100k 


-40 £ 


-30 .- 
-20 


lOOnA 10/u A 1mA 
Input Current (li or I 2 ) 


0 


- 10 .2 

100 

0 c 


Q. 

+10 O 
O 

10 

+20 

1 


MINIMUM VALUE OF 
COMPENSATION CAPACITOR 


Selec 
li mi 

t Cc fc 
r and 

>r 1 

2 max 

— 

ii = 




li 

11 = 
= lOOn 

lOnA-j 

A/ 

y 

Value 

may 

s belo 
)e ignc 

m 2pF 
red. 

y 

y 



li = 1i 

“ A >< 

y 

// 

f 

li = j 

10 m Av, 


2 

y 


m 

m 



m 

Wm\ 


10nA lOOnA 10 M A 100 M A 1mA 
Input Current, I 2 


TOTAL ERROR VS 
INPUT CURRENT 



Input Current <li or I 2 ) 


3dB FREQUENCY RESPONSE 



12 


THEORY OF OPERATION 

The base-emitter voltage of a bipolar transistor is 

Vbe = V T Kn ^ where: V T = (b 

K = Boltzman’s constant = 1.381 x 10~ 23 
T = Absolute temperature in degrees Kelvin 
q = Electron charge = 1.602 x 1(T 19 Coulombs 
Ic = Collector current 
Is = Reverse saturation current 
From the circuit in Figure 1, we see that 
Vou/ = Vbe, - V B e 2 (2) 

Substituting (1) into (2) yields 

I, 1, 

Vout' — Vt, fin j- - Vt 2 fin y- (3) 

ls i ls 2 

If the transistors are matched and isothermal and V T , = 
Vt 2 , then (3) becomes 

Vout' = V T [fin^-fin^] (4) 


Vour' = V T fin r 1 and since 
*2 

(5) 

fin X = 2.3 logioX 

(6) 

I, 

Vour' = n V T log r 1 

l 2 

(7) 

where n = 2.3 

(8) 

also 


. R, +R 2 

Vout “ Vout ^ 

(9) 

Ri + R 2 I. 

= R, n Vt log T 2 

(10) 


or 

VouT=Klog^ (11) 

It should be noted that the temperature dependance 
associated with V T = KT/ q is compensated by making Ri 
a temperature sensitive resistor with the required positive 
temperature coefficient. 
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FIGURE 1. Simplified Model of Log Amplifier. 


TOTAL ERROR 

The total error is the deviation (expressed in mV) of the 
actual output from the ideal output of Vour = K log 
(I,/I 2 ). Thus, 

Vour (actual) = Vour (ideal) ± Total Error. 

It represents the sum of all the individual components of 
error normally associated with the log amp when operated 
in the current input mode. The worst-case error for any 
given ratio of 1 1 / 12 is the largest of the t.wo errors when 1 1 
and h are considered separately. 


DEFINITION OF TERMS 

TRANSFER FUNCTION ( 

The ideal transfer function is Vout = K log y 
where 

K = the scale factor with units of volts/ decade 

11 = numerator input current 

1 2 = denominator input current. 



FIGURE 2. Transfer Function with Varying K and Ii. 


Example 

Ii varies over a range of lOnA to ljuA and I 2 varies 
from lOOnA to \0fiA. What is the maximum error? 
Table I shows the maximum errors for each decade 
combination of L and h. 

TABLE I. I 1 /I 2 and Maximum Errors. 

ii 

(max error)* 



10nA 

(30mV) 

lOOr.A 

(25mV) 

VA 

(20mV) 

100nA 

(25mV) 

0.1 

(30mv) 

1 

(25mV) 

10 

(25mV) 

i m a 

(20mV) 

0.01 

(30mV) 

0.1 

(25mv) 

1 

(20mV) 

10/iA 

(25mV) 

0.001 

(30mV) 

0.01 

(25mV) 

0.1 

(25mV) 


’Maximum errors are in parenthesis. 


Since the largest value of I 1 /I 2 is 10 and the smallest is 
0.001, K is set at 3V per decade so the output will range 
from +3 V to -9V. The maximum total error occurs when 
Ii = lOnA and is equal to K x 30mV. This represents a 
0.75% of peak-to-peak FSO error JULQ2Q ' ) x 100% = 

0.75% where the full scale output is 12V (from +3V to 
-9V). 



FIGURE 3. Transfer Function with Varying I 2 and Ii. 


ACCURACY 

Accuracy considerations for a log ratio amplifier are 
somewhat more complicated than for other amplifiers. 
The reason is that the transfer function is nonlinear and 
has two inputs, each of which can vary over a wide 
dynamic range. The accuracy for any combination of 
inputs is determined from the total error specification. 


ERRORS RTO AND RTI 

As with any transfer function, errors generated by the 
function itself may be Referred-to-Output (RTO) or 
Referred-to-Input (RTI). In this respect log amps have a 
unique property: 

Given some error voltage at the log amp’s output, that 
error corresponds to a constant percent of the input 
regardless of the actual input level. 

Refer to: Yu Jen Wong and William E. Ott, “Function 
Circuits: Design & Applications”, McGraw-Hill Book, 
1976. 

LOG CONFORMITY 

Log conformity corresponds to linearity when Vour is 
plotted versus I 1 /I 2 on a semilog scale. In many applica- 
tions log conformity is the most important specification. 
This is true because bias current errors are negligible 
( 1 p A compared to input currents of 1 nA and above) and 
the scale factor and offset errors may be trimmed to zero 
or removed by system calibration. This leaves log con- 
formity as the major source of error. 
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Log conformity error is defined as the peak deviation 
from the best-fit straight line of the Vout versus log (L / L) 
curve. This is expressed as a percent of peak-to-peak full 
scale output. Thus, the nonlinearity error expressed in 
volts over m decades is 

Vout (nonlin.) = K 2Nm volts (12) 

where N is the log conformity error, in percent. 

INDIVIDUAL ERROR COMPONENTS 

The ideal transfer function with current input is 

I. 

Vout — K Log ^ (13) 

The actual transfer function with the major components 
of error is 

Vout=K(1 ± AK) log ±K 2Nm ± Vos out (14) 
12 ~ Ib, 

The individual component of error is 
AK = scale factor error (0.3%, typ) 

1b, = bias current of Ai (IpA, typ) 

Ib 2 = bias current of A 2 (IpA, typ) 

N = log conformity error (0.05%, 0.1%, typ) 

Vos out = output offset voltage (lmV, typ) 
m = no. of decades over which N is specified: 

0.05% for m = 5, 0. 1% for m = 6 

Example: what is the error with K = 3 when 
I, = 1 m A and I 2 = lOOnA 

Vout = 3(1 ±0.003) log 10 7 ~ '° ±3(2)(0.0005)5±lmV 

1 ° - 10 - (15) 

» 3.009 log jjp +0.015 + 0.001 (16) 

= 3.009 (1) + 0.015 + 0.001 (17) 

= 3.025 volts (18) 


Since the ideal output is 3.000V the error as a percent of 
reading is 

% error = x 100% = 0.83% (19) 


The frequency response curves are shown for constant 
DC Ii and I 2 with a small signal AC current on one of 
them. 

The transient response of the LOG 100 is different for 
increasing and decreasing signals. This is due to the fact 
that a log amp is a nonlinear gain element and has 
different gains at different levels of input signals. Fre- 
quency response decreases as the gain increases. 


GENERAL INFORMATION 

INPUT CURRENT RANGE 

The stated input range of InA to 1mA is the range for 
specified accuracy. Smaller or larger input currents may 
be applied with decreased accuracy. Currents larger than 
1 mA result in increased nonlinearity. The 10mA absolute 
maximum is a conservative value to limit the power 
dissipation in the output stage of Ai and the logging 
transistor. Currents below InA will result in increased 
errors due to the input bias currents of Ai and A: (IpA 
typical). These errors may be nulled. See Optional 
Adjustments section. 

FREQUENCY COMPENSATION 

Frequency compensation for the LOG 100 is obtained by 
connecting a capacitor between pins 7 and 14. The size of 
the capacitor is a function of the input currents as shown 
in the Performance Curves. For any given application the 
smallest value of the capacitor which may be used is 
determined by the maximum value at L and the minimum 
value of 1 1 . Larger values of Cc will make the LOG 100 
more stable, but will reduce the frequency response. 

SETTING THE REFERENCE CURRENT 

When the LOG 100 is used as a straight log amplifier h is 
constant and becomes the reference current in the 
expression 

Voir, = K log! 1 . (21) 

I REF V 7 

Iref can be derived from an external current source (such 
as shown in Figure 4) or it may be derived from a voltage 
source with one or more resistors. 


For the case of voltage inputs, the actual transfer 
function is 

Vi Eos, 

rf" Ib , ± ~ 5 

Vout = K( 1 ± AK) log^ jA^+K 2Nm ±V ps out 

Ir.I„ + ES 

R: 2 R 2 (20) 

FREQUENCY RESPONSE 

The 3dB frequency response of the LOG 100 is a function 
of the magnitude of the input current levels and of the 
value of the frequency compensation capacitor. See 
Performance Curves for details. 



FIGURE 4. Temperature-Compensated Current 
Reference. 


When a single resistor is used the value may be quite large 
when Iref is small. If Iref is lOnA and +15V is used 
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Rr,:i = f^A = I500Mn - 

A voltage divider may be used to reduce the value of the 
resistor. When this is done one must be aware of possible 
errors caused by the amplifier’s input offset voltage. This 
is shown in Figure 5. 



In this case the voltage at pin 14 is not exactly zero, but is 
equal to the value of the input offset voltage of A 2 which 
ranges from zero to ±5mV. Vt must be kept much larger 
than 5mV in order to make this effect negligible. This 
concept also applies to pin 1. 

OPTIONAL ADJUSTMENTS 

The LOG 1 00 will meet its specified accuracy with no user 
adjustments. If improved performance is desired the 
following optional adjustments may be made. 

INPUT BIAS CURRENT 

The circuit in Figure 6 may be used to compensate for the 
input bias currents of Ai and A 2 . Since the amplifiers 
have FET inputs with the characteristic bias current 
doubling every 10°C this nulling technique is practical 
only where the temperature is fairly stable. 



ADJUSTMENTS OF SCALE FACTOR K 

The value of K may be changed by increasing or 
decreasing the voltage divider resistor normally con- 
nected to the output, pin 7. To increase K put resistance 
in series between pin 7 and the appropriate scaling 
resistor pin (3, 4 or 5). To decrease K place a parallel 
resistor between pin 2 and either pin 3, 4 or 5. 

APPLICATION INFORMATION 

WIRING PRECAUTIONS 

In order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
10/uF tantalum capacitor in parallel with a lOOOpF 
ceramic capacitor from the +Vcc and -Vcc pins to the 
power supply common. The connection of these capaci- 
tors should be as close to the LOG 100 as practical. 



FIGURE 6. Bias Current Nulling. 


OUTPUT OFFSET 

The output offset may be nulled with the circuit in Figure 
7. Ii and I 2 are set equal at some convenient value in the 
range of lOOnA to 100/uA. Ri is then adjusted for zero 
output voltage. 


CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads of 
up to lOOpF, typically. Higher capacitive loads can be 
driven if a 22H carbon resistor is connected in series with 
the LOG 1 00 ’s output. This resistor will, of course, form a 
voltage divider with other resistive loads. 

CIRCUIT PROTECTION 

The LOG 100 can be protected against accidental power 
supply reversal by putting a diode ( 1 N400 1 type) in series 
with each power supply line as shown in Figure 8. This 
precaution is necessary only in power systems that 
momentarily reverse polarity during turn-on or turn-off. 
If this protection circuit is used, the accuracy of the 
LOG 100 will be degraded slightly by the voltage drops 
across the diodes as determined by the power supply 
sensitivity specification. 

The LOG 100 uses small geometry FET transistors to 
achieve the low input bias currents. Normal FET han- 
dling techniques should be used to avoid damage caused 
by low energy electrostatic discharge (ESD). 
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FIGURE 8. Reverse Polarity Protection. 

LOG RATIO 


One of the more common uses of log ratio amplifiers is to 
measure absorbance. A typical application is shown in 
Figure 9. 



FIGURE 9. Absorbance Measurement. 



Since K is selectable in discrete steps, use the largest value 
of K available which does not exceed Kopt. 

NEGATIVE INPUT CURRENTS 

The LOG 100 will function only with positive input 
currents (conventional current flow into pins 1 and 14). 
Some current sources (such as photomultiplier tubes) 
provide negative input currents. In such situations the 
circuit in Figure 10 may be used.* 



FIGURE 10. Current Inverter. 


VOLTAGE INPUTS 

The LOG 100 gives the best performance with current 
inputs. Voltage inputs may be handled directly with series 
resistors, but the dynamic input range is limited to 
approximately three decades of input voltage by voltage 
noise and offsets. The transfer function of equation (20) 
applies to this configuration. 


DATA COMPRESSION 

In many applications the compressive effects of the 
logarithmic transfer function is useful. For example, a 
LOG 100 preceding an 8-bit analog-to-digital converter 
can replace a more expensive 20-bit converter. 

SELECTING OPTIMUM VALUES OF l 2 AND K 

In straight log applications (as opposed to log ratio) both 
K and U are selected by the designer. In order to minimize 
errors due to output offset and noise it is normally best to 
scale the log amp to use as much of the ±10V output 
range as possible. Thus, with the range of L from L min to 
L max; 

For I i max +10V — K log Ii max/L (24) 

For L min -10V = K log Ii min/ L (25) 


ANTILOG CONFIGURATION (an implicit technique) 



Addition of these two equations and solving for F shows FIGURE 1 1. Connections for Antilog Function, 
that its optimum value, L opt, is the geometric mean of 
L max and L min. 
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PRECISION OSCILLATOR 


FEATURES 

• FIXED FREQUENCY -10Hz to 20kHz 

• STABLE AMPLITUDE 

• SINE WAVE OUTPUT 

• LOW DISTORTION 

DESCRIPTION 

Model 4023/25 is an all solid-state, ultra-stable sine- 
wave oscillator. Both output amplitude and 
frequency are constant, and the stability of both with 
time and temperature variations is excellent. Internal 
high-performance Burr-Brown IC operational 
amplifiers are used to form a Wien bridge oscillator 
circuit and to regulate the output amplitude. The 
frequency of oscillation is within ±1% of the 
customer-specified value. If desired, external 
components may be added to trim the frequency to 
an exact value. Adding two external resistors will 
raise the output frequency and adding two external 
capacitors will lower the output frequency. With its 
small size, low distortion, and excellent frequency 
and amplitude stability, the Model 4023/25 is ideal 
for use as a reference oscillator in airborne or mobile 
equipment, special-purpose test equipment, and in 
telemetry systems. T o order, specify M odel 4023 / 25 
and frequency. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-209D 
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ELECTRICAL 

SPECIFICATIONS 

Typical performance at 25°C and 


with rated supply unless otherwise noted. 


FREQUENCY 

Range (1 ) 

Accuracy 

Stability vs. Temperature 

Customer specified, may be any 
value from 10 Hz to 20 kHz. 

±1%, (May be trimmed by the user 
to less than ±1%) 

0.04%/°C (max. ) 

OUTPUT (3) 


Amplitude - Output A 

6 Vrms 

- Output B 

3 Vrms (with 600 .n. load) 

Amplitude Accuracy 

±2% 

Impedance - Output A 

1 ^ 

- Output B 

600 .n. 

Rated Load - Output A 

1.2 k^ 

- Output B 

600 -n. 

Distortion (max.) 

0.1% 

AMPLITUDE STABILITY 


vs. Temperature (max.) 

0.02%/°C 

Noise and Jitter (max.) 

0.02% 

Long Term (max . ) 

0. 1% 

TEMPERATURE RANGE 
Operating, 


Rated Specifications 

-25°C to +85°C 

Storage 

-55°C to +100°C 

POWER REQUIREMENTS 


Rated Supply 

±15 Vdc 

Voltage Range at 25°C (2) 

±12 Vdc to ±18 Vdc 

Supply Drain (max.) 

±40 mA 


(1) To order, specify Model 4023/25 and frequency. 

(2) The positiveandnegativesuppliesmust-bebalanced 
within 2% of each other. 

(3) The output may be taken from either Output A or 
Output B (not both). 


MECHANICAL SPECIFICATIONS 


(7.62) 0.3" GRID <f. 



Dimensions in millimeters are 
shown in parentheses. 

Weight: 4 oz. maximum 
(120 grams) 

Mating Connector: 1500MC 
(Optional) 



OPERATING 

INSTRUCTIONS 

With Ri = R 2 and Ci = C 2 , the Wien-Bridge oscillator will 
provide a sine-wave oscillation of frequency: 
f 0 = 1 /27r RC, where R = Ri = R 2 and C = Ci = C 2 . 


The frequency of oscillation, f Q , will be within ±l%of the 
nominal value specified by the customer. The frequency 


may be lowered by externally paralleling the internal 
capacitors Ci and C 2 ; and the frequency may be raised by 
paralleling the internal resistors Ri and R 2 . The nominal 
values of Ci and C 2 will be as follows; 

Frequency f t> Ci &nd C 2 

10Hz to 100Hz 0.1 /iF 

101Hz to 1000Hz O.OljuF 

1001Hz to 20kHz 0.001 M F 


It is important to pad both Ri and R 2 or Ci and C 2 by an 
eq ual amount to keep distortion within specifications. 


If the frequency is lowered by a significant amount, it 
may be necessary to externally parallel the integrator 
capacitor C» to lower distortion of the output. 


The range of frequency adjustment is approximately 2 
decades (within 10kHz and 20kHz). For example, a 10Hz 
unit may be trimmed for a frequency of up to 1kHz or a 
10kHz unit may be varied down to 100Hz. However, the 
distortion and amplitude stability specifications are 
guaranteed and tested only for the nominal frequency of 
oscillation. In general, the degradation in distortion and 
amplitude stability as the frequency is varied over a wide 
range is very small. 

INSTALLATION 



The Model 4023/25 is designed for installation on a flat 
mounting surface such as a chassis or printed circuit 
board. The gold-flashed pins may be hand or dip 
soldered; for plug-in installation, the Model 1500MC 
mating connector may be installed on the chassis. The 
unit may be secured to the mounting surface by means of 
two 4-40 machine screws inserted through the mounting 
surface not more than 3/16" into the tapped holes in the 
bottom. 


Pin 1 and pin 3 must be shielded from external sources of 
electrical noise. The module is particularly sensitive to 
periodic noise near the resonant frequency. Also, if 
external bridge components are added to the Wien bridge 
terminals they must be physically near the 4023/25 
module. 

EXTERNAL CONNECTIONS 

External connections are made to the gold-flashed pins 
on the unit. These connections include the Wien bridge, 
integrator feedback, output, and power supply 
termination and are made as follows: 


Pin 1 

Pin 2 Common 

Pin 3 

Pin X 

| Wien Bridge Terminals 

Pin 4 

Output B 

Pin 5 

Output A 

Pin Y \ 

Integrator Feedback 

PinZ f 

Terminals 

(+) 

Positive Power, +15VDC 

o 

Negative Power, -15VDC 
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4082/03 



GENERAL PURPOSE COMPARATOR 


FEATURES 

• RELAY AND LAMP-DRIVING CAPABILITY 

Up to 100mA LOAD 

• TRANSIENT PROTECTION TO 400mA 

• RESPONSE TIME ANO HYSTERESIS ADJUST 

DESCRIPTION 

Model 4082/03 is a low cost hybrid integrated circuit 
comparator in a dual-in-line package. It combines a 
low-cost differential input comparator with an open 
collector transistor output stage capable of sinking 
100mA. With transient protection of 400mA, this 
unit is an excellent choice to drive lamps, relays, and 
other devices with high transient requirements. In 
addition, the open collector output will accept up to 
+30VDC making the 4082/03 compatible with MOS 
circuitry and high noise immunity logic as well as 
TTL and DTL devices. The 4082/03 operates from 
±15VDC power. Additional outputs are provided 
for response time control and hysteresis feedback. 

OPERATION 

Model 4082/03 will function when power is applied 
and the output load is connected between Pin 9 and 
Pin 13. The load may be resistor, lamp, or relay. A 
simplified diagram in shown in Figure 1. 

Either input may be connected to common or to 
some reference voltage. Whenever the (+In) input is 
positive with respect to the (-In) input, the output 
transistor is switched ON. The load power (+V R ) may 
be any voltage up to +30VDC. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-399 



FIGURE 1. Simplified Diagram of Model 4082/03 
Comparator. 


HYSTERESIS 

Hysteresis may be added by means of positive 
feedback as shown in Figure 2. The amount of 
hysteresis is approximately: 

Hysteresis ~ 26V R 0 /Rr + R 0 , Rf ^ lOkH 
Adding hysteresis provides better noise immunity, 
but at the price of decreased switching resolution. 

RESPONSE TIME 

Response time can be decreased if desired by adding 
capacitance between Pin II and Pin 12 (common). 
This will limit the rise and fall times of the output 
voltage, which in turn limits turn-on surge currents 
when driving lamps. 
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ELECTRICAL SPECIFICATIONS 

Typical performance at 25"C and with rated supplies unless otherwise noted. 

MODEL 

4082/03 

Units 

INPUT 

Signal Levels 

Either (or both) Inputs 

±10 

V 

Absolute Maximum 

±15 

V 

Impedance (both Inputs) 

Differential, small signal 

300 

kft 

Differential, large signal 

10 

kfl 

Common-mode 

100 

Mil 

Bias Current at 25°C 

400 

nA 

Over Temperature Range, (max) 

700 

nA 

Differential Offset Current at 25'C 

±30 

nA 

Over Temperature Range, (max) 

±80 

nA 

OUTPUT 

Switched Current Sink 

Impedance to common from output 

OFF state 

1 

Mil 

ON state 

3 

n 

Load Voltage Supply (V R ) 

0 to +30 

V 

Load Current (sinking) 

Up to +100 

mA 

Transient (absolute maximum) 

+400 

mA 

ACCURACY 

Sensitivity, (min) 

±0.1 

mV 

Offset 

Over Temperature (max)"’ 

±12 

mV 

at 25 H C 

±3 

mV 

vs Power Supply 

±50 

^V, V 

FREQUENCY RESPONSE 

Total Switching Time 121 
at 20mV Step Input 

7 

Msec 

TEMPERATURE RANGE 

Operating, Rated Specification 

-25 to +85 

“C 

Operating, Derated Performance 

-40 to +85 

°C 

Storage 

-55 to +100 

C 

POWER SUPPLY REQUIREMENTS 

(-V and +V) 

Rated Supply Voltage 

±15 

V 

Voltage Range 

-14 to +16 

V 

Supply Drain, (max) 

±12 

mA 


1. This offset is referred to the input and includes offset due to common-mode effects. 

2. With load supply of + I5VDC and with output load of 300fl. Total switching time 

includes delay time and rise time. The input Ei\ is a sine wave of frequency f s . 



FIGURE 2. Connections for Adding Hysteresis. 


MECHANICAL 

SPECIFICATIONS 

MODEL 4082/03 





2.0mm 
(0.08") 

+ 15 

+V R •--$«+— f- 

Common , ^2-i h 

Resp. Time Control 
Hysteresis Feedback- 4 -&<{>- 
Output - --<^9 — j j- - 

-1 sv ■•$•-+-+■- 


t -IN 
+IN 


(Bottom View) 

WEIGHT: 0.12 oz. (3.40 grams) 

GRID SPACING: 0.1" (2.5) 

MATERIAL: Black Epoxy 

PIN: Pin material and plating composition conform to 
Method 2003 (solderability) of Mil-Std-883 (except 
paragraph 3.2) 

CONNECTOR: Standard 14 pin DIP socket 
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BURR -BROWN® 




PEAK DETECTOR 

■ «wOryim 


I 


4085 


HYBRID MICROCIRCUIT PEAK DETECTOR 


FEATURES 

• STORES TRANSIENT VOLTAGES 

• COMPLETELY SELF-CONTAINED 

• ACCURATE TO ±0.01% 

• LOW DROOP ERRORS 

• SMALL DIP PACKAGE 

DESCRIPTION 

The 4085 is a specialized sample/ hold amplifier that 
tracks an input signal until a maximum amplitude is 
reached. That maximum value is held at the analog 
output, and the digital STATUS output indicates that a 
peak has been detected. The unit can then be commanded 
to hold that value, ignoring additional peaks, or reset to a 
user-specified reference voltage. The 4085 detects 
positive-going peaks from -10V to + 10V and is available 
in a hermetic metal package and a low-cost ceramic 
package. Three models are available, specified for 
temperature ranges 0 to +70°C (4085KG), -25 to +85°C 
(4085BM), and -55 to +125°C (4085SMT 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 






THEORY OF OPERATION 


In the PEAK DETECT mode (SI closed, S2 open), the 
analog output tracks the analog input until a peak value is 
reached. When the input voltage falls below the 
magnitude of the peak voltage, CR1 becomes reversed 
biased, and the feedback loop between A1 and A2 is 
broken. At this point, the status output transistor turns 
on and the magnitude of the peak voltage is held on the 
analog output. In the HOLD mode (SI open, S2 open), 
the current charging path from the output of A1 to the 
capacitor is opened. The output voltage is equal to the 


voltage stored in the capacitor even though the input 
voltage may become larger than the peak voltage. In the 
RESET mode (SI open, S2 closed), the voltage on the 
capacitor will charge to whatever voltage is applied to the 
RESET voltage input. If both S 1 and S2 are closed at the 
same time, the output of A1 will be connected to the reset 
voltage input through a low impedance. This represents 
an illegal mode of operation, but will cause no damage to 
the unit. 




Input ~ v q - NC NC 

Offset b w I 

Adjust Logic S 

Notes: Input 

1. Pin 21 internally connected to case on 408 5 BM and 408 SSM. 

2. External capacitor: use polystyrene (up to +85°C), polyproplene, or teflon 


FIGURE 1. 4085 Functional Diagram and Pin Configuration. 


ANALOG 

INPUT 

(dotted) 


© 

© 



fHSH 

Logic 

Power 

Supply 

NC 

& 

Logic 

Input 

NC 

Optional 

External 

Capacitor 


3. Pin 13 must be connected to either power 
supply, common or user-specified reference 
volt: 


ANALOG 

OUTPUT 

(solid) 


LOGIC 

INPUT " 


LOGIC r| . 

INPUT „ 


STATUS _Off 
THAN- Qn 
SISTOR 




FIGURE 2. Timing Diagram For Peak-Detect Operation 
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ELECTRICAL SPECIFICATIONS 


Specifications at = +2S°C and ±15VDC and +5VDC power supplies unless otherwise noted. 


ANALOG INPUT 


Signal Inputs 
Operating Range 
Absolute Maximum Range 
Input Offset Voltage 
(adjustable to zero) 

Input Offset Voltage Drift 
Input Bias Current 
Input Resistance 
Input Capacitance 


DIGITAL INPUT 


Logic Levels 
Logic “1” 


Truth Table 

Peak Detect Mode 
Hold Mode 
Reset 


4085 

MIN I TYP | MAX 


±10 IVsl -3 


+2.4 at 
50nA max 


TRANSFER CHARACTERISTICS 


ACCURACY 


DC Voltage Gain Error 
Dynamic Accuracy to 300Hz 
100Hz 

Temperature Coefficient of 
Gain Error 

Feedthrough ^ 

Droop (all units at Ta = +25°C) 
T a = +70°C, 4085KG 
Ta = +85°C, 4085BM 
Ta = +125°C, 4085SM 
Power Supply Sensitivity, ±V S 


pOOjuA max| V 
| Logic Input B 


±0.01 7o of FSR 1 

±0.02 % of FSR 

±0.01 % of FSR 


MODEL 

4085 

UNITS 


MIN 

TYP 

MAX 


ANALOG OUTPUT j 

Voltage Range 

±10 

IVsl -3 


V 

Output Current 

5 



mA 

Output Resistance 


0.2 

0.5 

ft 

Output Noise 10Hz to 100kHz 


30 


mV rms 

Output Load Capacitance 

50 

100 


PF 

STATUS OUTPUT 


Collector-emitter Voltage 



+30 

V 

Collector Current 



20 

mA 

DC Current Gain 

50 

100 


mA/mA 

Vbi, 


0.65 


V 

RESET VOLTAGE 

Operating Range 

±10 

IV S I -3 


V 

Absolute Maximum Range 



±Supply 

V 

Discharge Current 1 ' 1 

5 


30 

mA 



POWER SUPPLY REQUIREMENTS 

Rated Voltage 


±15 


V 

Operating Range 

±8 


±18 

V 

Current Drain (i ou i = 0) 



±20 

mA 

Rated Logic Supply Voltage 12 ' 
Logic Supply Current 


+5.0 ±0.5 


V 

(Logic A & B high) 


3.0 ±0.3 


mA 

(Logic A & B = 0V) 


4.4 ±0.5 


mA 

TEMPERATURE RANGE 

Specification 





4085 KG 

0 


+70 

°C 

4085 BM 

-25 


+85 

°c 

4085SM 

-55 


+ 125 

°c 

Operating 





4085 KG 

-25 


+85 

°c 

4085 BM 

-55 


+90 

°c 

4085SM 

-55 


+ 125 

°c- 

Storage 





4085 KG 

-30 


+90 

l ’C 

4085 BM 

-60 


+ 100 

°c 

4085SM 

-60 


+ 150 

°c 


DYNAMIC PERFORMANCE 

Acquisition Time (BM, SM) 500 Msec 

(KG) 800 Msec 

Slew Rate 0.5 V/Msec 

Charge Offset (4) 0.5 1 mV 

Status Delay at 500Hz 0.7 1 ms 

Notes: 

1. Any circuitry connected to the reset pin should be capable of sinking the desired discharge current of the internal 3300pF holding capacitor plus 
any external capacitor. The discharge current range is the current limit imposed by an internal FET switch. It does not imply that the Iqss 
external circuitry must be designed to limit current to this range. 

2. Logic Supply, pin 8, may be connected to higher supply voltages for operation with MOS or CMOS logic. Refer to OPERATING INSTRUCTIONS. 

3. FSR = Full Scale Range, 20V for the 4085. 

4. Charge Offset is the charge transferred from the holding capacitor when the 4085 is switched to the hold mode. 

T--2 5°C ^ 

5. Equation for droop: Droop (mV/ms) = A2°PA . X 2 

3300pF + C ext (PF) 
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MECHANICAL SPECIFICATIONS 


CERAMIC PACKAGE 4085KG 



CASE: Black Ceramic (alumina) 

Mating Connector 245MC 

PIN: Pin material and plating composition conform to method 
2003 (solderability) of Mil-Std-883 (except paragraph 3.2). 
WEIGHT: 8.4 grams (0.3 oz.) 

HERMETICITY: Conforms to Mil-Std-883, method 1014. 
Gross leak (condition C, step 1, Fluorocarbon). 


METAL PACKAGE 4085BM, 4085SM 



CASE: Kovar, Gold or Nickel Plated 
Mating Connector 245MC 

PIN : Pin material and plating composition conform to method 
2003 (solderability) of Mil-Std-883 (except paragraph 3.2). 
WEIGHT: 8.4 grams (0.3 oz.) 

HERMETICITY: Conforms to Mil-Std-883, method 1014. 
Gross leak (condition C, step 1, Fluorocarbon) Fine leak 
(condition A, Helium, 5 x 10 -7 cc/sec). 


TYPICAL PERFORMANCE CURVES 
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OPERATING I N STR UCTIO NS 


OFFSET VOLTAGE ADJUSTMENT 

The ±2mV input offset voltage of the 4085 may be nulled 
to zero by using the circuit shown in Figure 7. With the 
4085 in the PEAK DETECT mode (logic input A = “1”, 
logic input B = “0”) apply zero volts to pin 1. Adjust the 
potentiometer until the output voltage is zero volts. 
Disconnect pin 12 after adjustment is made. 



POWER SUPPLY CONSIDERATIONS 

The 4085 will operate as specified with power supplies 
from ±8 VDC to ±1 8 VDC. To minimize noise pickup, the 
supply inputs should be decoupled with 1/xF tantalum 
capacitors located physically close to the unit. 

DIGITAL INPUTS AND LOGIC SUPPLY 

The digital inputs may be driven with TTL or CMOS 
logic. Pin 8 should be tied to the logic supply. The logic 
supply voltage (V L ) may also be provided by connecting 
pin 8 through a resistor of value R(kohms) = 1.67 (V s - 
V L )/V L to the +V S supply (V s > V L ). The logic threshold 
voltage is equal to 0.4 Vl - 0.7 volts. 

INPUT FREQUENCY BANDWIDTH 
LIMITING 

It is recommended that the input bandwidth be limited as 
much as possible by an RC section such as that shown in 
Figure 8. This is to limit noise spikes at the input that may 
cause erroneous readings. If detecting large pulse heights, 
a 5 jusecond time constant should be used. This will not 
degrade acquisition time or tracking accuracy for 
frequencies up to 500 Hz. For input frequencies greater 
than 500 Hz, a smaller time constant may be used. 


V|n o^_ 

-£ O Pin.l 

lk 

r T v 4700 pF 




FIGURE 8. Input Bandwidth Limiting 

STATUS OUTPUT CHARACTERISTICS 


The open-collector, open-emitter output transistor is a 
small signal, medium speed switching transistor similar to 
a 2N2222. To facilitate driving a variety of devices, the 
configuration of the status output has been left to the 
user’s discretion. 

The internal comparator shown in the block diagram 
(Figure 1) has an output characteristic as follows. Input 


signal track: Zom^ 00 ; peak hold: V ou t — +Vs - 0.5 volts. 
Several configurations are illustrated in Figures 9 
through 1 1 . “Inverting” means logic “0” = peak has been 
detected, “Noninverting” means logic “1” = peak has been 
detected. 



FIGURE 9. Inverting TTL (CMOS) STATUS Output. 



FIGURE 10. Noninverting TTL STATUS Output. 



FIGURE 11. Noninverting CMOS STATUS Output 


DESIGNING IN HYSTERESIS 

It may be desirable in some situations to have hysteresis in 
the circuit such that small peaks will not be detected, 
eliminating jitter in the STATUS output. This is possible 
through external components connected as shown in 
Figure 1 2. After a peak is detected, the input voltage must 
be slightly greater (determined by R1/R2) than the 
previous peak to cause the output to resume tracking the 
input. This hysteresis voltage is expressed by: 

v _ (V in - Ve-0.9V)R1 
Vh RI + R2 

The emitter voltage of the status transistor should be tied 
to a voltage sufficiently lower than the lowest expected 
peak to allow proper operation. 




■^LOGIC 

>R 




r 

Rj 

v inO Wrj-Q 

|r 2 

4085 

h: 

Status 

Output 



FIGURE 12. Hysteresis 
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APPLICATIONS 


PEAK CATCHER 

This circuit detects and holds the first peak it encounters. 
After the first peak is detected, it automatically is 
switched to the hold mode. To reset the circuit for 
catching another peak, a 10 /nsec or longer positive logic 
pulse should occur at the “RELEASE” input. This will 
reset the peak detector to the desired voltage and put it in 
the peak-detect mode. 



NO-RIPPLE, FAST SETTLING RMS-DC 
CONVERTER 

If a waveform is known, the RMS value of the signal may 
be computed from the peak value. In this circuit, the 
RMS value is computed by the output amplifier from the 
peak value held by the 4085. The output in the circuit 
shown is updated manually. It may be updated 
automatically by replacing the switch circuit with an 
oscillator plus timing logic. 


INTERFACING TO A/D CONVERTER 

Interfacing to an A/D converter is straightforward. The 
gating of the A/D converter command allows a 
conversion only if a peak has been detected and permits 
completion of each conversion. If a peak occurs while the 
A/D is converting, it will not be detected. 



PEAK-TO-PEAK DETECTOR 


Figure 16 shows a circuit that will display the peak-to- 
peak voltage of an input waveform. The STATUS output 
indicates that both positive and negative peaks have been 
detected and that the output is valid. The resistors around 
A3 should be matched to insure good common-mode 
rejection. 




FIGURE 14. RMS-DC Converter 












WINDOW COMPARATOR 


FEATURES 


APPLICATIONS 


• ADJUSTABLE LIMITS FOR "HIGH". “LOW", AND “GO” 

• UP TO 200mA LOAD CAPABILITY (each output) 

• INPUT PROTECTION 

DESCRIPTION 

Model 41 15/04 is a hybrid IC window comparator in 
a double width DIP. The unit has three inputs - one 
for a voltage that sets the upper limit, another for a 
voltage that sets the lower limit, and a signal input. 
There are three mutually exclusive outputs - HIGH, 
LOW and GO. When an output is ON it will sink up 
to 200mA of current. This input diode protected 
device is designed to work with input voltages of up 
to ±10V, and will not be harmed by voltages to ± 15V. 
The 4115/04 will drive a variety of loads including 
lamps, relays, MOS circuitry, and high noise 
immunity logic as well as DTL and TTL devices. 

INSTALLATION 

Separate connections should be made from each 
power supply common (+15VDC, -15VDC and V R ) 
to the 41 15/04 common (pin 8). 

To avoid unwanted pickup or chattering it may be 
necessary to include bypass capacitors from the 
±15V supply pins (13 and 14) to the module common 
pin (8). 


• PRODUCTION LINE TESTING 
> TEMPERATURE CONTROLS 
» INDUSTRIAL ALARMS 
LEVEL DETECTORS/CONTROLS 


41 IS/04 

Window Comparator 


HIGH q 



K U <K, I F L <F,<F U F.,<E L 


HIGH ON OKI 

GO OFF ON 

LOW OFF OFF 


Model .41 15/04 Transfer Characteristics. 
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ELECTRICAL SPECIFICATIONS 

Typical performance at 25’C and with rated supply unless otherwise noted. 

MODEL 

4115 04 

Units 

INPUT 

All Inputs 

Maximum Safe Input 

±10V into 6kH (min) 
±15 

V 

ACCURACY 



D.C. Resolution (min) 

±0.2 

mV 

Voltage Offset (referred to input) 
at 25°C (max) 

±2 

mV 

vs Temperature (max) 

±30 

M V X 

Over Temperature Range (max) 

±7 

mV 

vs Power Supply 

±50 

v 

Switching Speed 

Total Switching Time at 30mV 

Overdrive 

300 

Msec 

OUTPUT 

Impedance to COMMON from all Outputs 

OFF state 

> 1 

MH 

ON state 

3 

n 

Load Supply Voltage (V K ) 

0 to +30 

V 

Load Current 

Steady State 

+200 

mA 

Transient (absolute maximum) 

1 Second Duration 

+400 

mA 

Saturation Voltage (Vo ) (max) 
at 200mA 

0.7 

V 

TEMPERATURE RANGE 



Rated Specifications 

-25 to +85 

c 

Derated Performance 

-40 to +85 

T 

Storage 

-55 to +100 

C 

POWER SUPPLY REQUIREMENTS 



Rated Supply Voltage 

±15 

VDC 

Derated Performance 

-12 to ±18 

VDC 

Quiescent Drain (max) 

±15 

mA 


MECHANICAL 

SPECIFICATIONS 



(Bottom View) 4 

+ 14 + 4- -t-'-t 1 

4. + + 

It 12-t-t -*• -'34-1 

V+t 4 +- 

+ 10 - + •+■ + •• 5 +| 

I+-4 


-15V 
+ 1 5 V 

High 

Go 

Common 


-t 


±_ 2 ± 


|h- 6(xr H 

.760" 


j- A dimple appears 
over pin space 1 

Eu 

El 

e l 

Low 

0.1" (2.54) Grid 


WEIGHT: 0.24 oz. (6.80 grams) 

MATERIAL: Black Exoxy 

PIN: Pin material and plating composition conform to 
Method 2003 (solderability) of Mil-Std-883 (except 
paragraph 3.2). 

CONNECTOR: Fits any commercial dual-in-line connector. 


To achieve best results usd stable quiet reference sources and drive signal input from low 
impedance source. Noise and drift in input sources readily masks the inherently high 
resolution of the device. 
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BURR -BROWN® 


4127 



LOGARITHMIC AMPLIFIER 


FEATURES 

• ACCEPTS INPUT VOLTAGES OR CURRENTS OF 

EITHER POLARITY 

• WIDE INPUT DYNAMIC RANGE 

6 Decades of current 
4 Decades of voltage 

• VERSATILE 

Log, antilog, and log ratio capability 

• SMALL SIZE 

Doublewide DIP 

• LOW COST 

DESCRIPTION 

Packaged in a ceramic doublewide DIP, the 4127 is the first 
hybrid logarithmic amplifier that accepts input signals of 
either polarity from current or voltage sources. A special 
purpose monolithic chip, developed specifically for logarith- 
mic conversions, functions accurately for up to six decades 
of input current and four decades of input voltage. In addi- 
tion, a newly-developed current inverter and a precise inter- 
nal reference allow pin programming of the 4127 as a logarith- 
mic, log ratio, or antilog amplifier. 

To further increase its versatility and reduce your system 
cost the 4127 has an uncommitted operational amplifier in 
its package that can be used as a buffer, inverter, filter, or 
gain element. 

The 4 127 is available with initial accuracies (log conformity) 
of 0.5% and 1.0%, and operates over an ambient temperature 
range of -10°C to +70°C. 

With its versatility and high performance, the 4127 has many 
applications in signal compression, transducer linearization, 
and phototube buffering. Manufacturers of medical equip- 
ment, analytical instruments, and process control instrumen- 
tation will find the 4127 a low-cost solution to many signal 
processing problems. 

International Airport Industrial Park - P.0. Box 11400 • Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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GENERAL DESCRIPTION 

The 4127 is a complete logarithmic amplifier that can be pin-programmed to accept input currents or voltages 
of either polarity. By making use of the internal current inverter, reference current generator, log ratio element, 
and uncommitted op amp, you can generate a variety of logarithmic functions, including the log ratio of two 
signals, the logarithm of an input signal, or the antilog of an input signal. The unique FET-input 
current-inverting element removes the polarity limitations present in most conventional log amplifiers. 

Utilizing the inherent exponential characteristics of transistor functions, the 4127 calculates accurate log 
functions for input currents from 1 nA to 1 mA or input voltages from 1 mV to 10 V. Carefully-matched 
monolithic quad transistors and temperature sensitive gain elements are used to produce a log amplifier with 
excellent temperature characteristics. 


THEORY OF OPERATION 


A functional diagram of the 4127 circuit is shown in Figure 
1. Besides the basic log amplifier, the 4127 contains a separ- 
ate internal current source, a current inverter, and an uncom- 
mitted operational amplifier. The current inverter accurately 
converts negative input current to a positive current of equal 
magnitude. 

The 4127 is capable of accurately logging input current over 
a 120dB range, but to use this full range good shielding prac- 
tice must be followed. A current source input is, by defini- 
tion, a high impedance source, and is therefore subject to 
electrostatic pickups. 

The input op amps A\ and A 3 have FET input stages for low 
noise and very low input bias current. The op amp Aj will 
make the collector current of Qj equal to the signal input 
current Ig, and the collector current of Q 2 will be the refer- 
ence input current Ir. 

From the semiconductor junction characteristics, the base- 
to-emitter voltage will be 

Vgg « m KT Jc , where 1^ = Collector current 

T I L II = Reverse saturation current 

q, m, K = Constants 
T = Absolute temperature 

q ILI q *L2 


If the transistors Qj and Q 2 are at the same temperature and 
have matched characteristics then 


„ m K T 

AiR-itis" 

2 q 

•l IlJ 

c -m K T 

2 q • 

M Ir 


The output op amp A 2 provides a voltage gain of approxi- 
mately (Rj + R 2 )/Rt, and the value of m K T/q is about 
26m V at room temperature. Since resistor Rj varies with 
temperature to compensate for gain drift, the output voltage 
E 0 expressed as a log will be 

E 0 = -A log 10 is 

•r 



where A * Rt + R ? (26 mV)^ , R T « S20Q 

Ry 

The external resistor Rj sets the reference current Ir and re- 
sistor R 2 sets the scale-factor “A”. The two resistors must 
be trimmed to the desired values, but graphs in Figures 2 and 
3 show the approximate relationships. 


Figures 4 and 5 illustrate the relationship between the input 
current Ig and the output voltage E 0 in terms of the extern- 
ally adjusted parameters Ir and “A”. This relationship is, 
of course, restricted to values of Ig between 1 nA to 1 mA 
and output voltages of less than +10V. 



FIGURE 1 . Functional Diagram. 
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SPECIFICATIONS 


Typical specifications at +25°c with rated supplies unless otherwise specified. 



MECHANICAL 


ACCURACY, (l) o / 0 of FSR 

Current Source Input: InAto 1mA 
Voltage Input: lmV to 10V 

INPUT 

Current Source Input, Pin 4 
Pin 7 

Reference Current Input, Pin 2 
Absolute Maximum Inputs 

OUTPUT 

Voltage 

Current 

Impedance 

FREQUENCY RESPONSE 

-3dB Small Signal at Current Input 
of lOOjuA 
IOjuA 
ljuA 
lOOnA 
lOnA 

Step Response to within ± 1% of 
Final Value (I R = ljuA, A = 5) 

STABILITY 

Scale Factor Drift (A A/°C) 
Reference Current Drift (A I R /°C) 


0.5% max 1% ma; 

0.5% max 1% ma) 

+ lnA to +lmA 
-InA to -1mA 
+ 1 mA to +lmA 
±10mA or ±Supply Volts 




Input Offset Current Drift (A 1§/°C) 

Input Offset Voltage Drift 
Accuracy vs. Supply Variation 
Reference Current 
Input Offset Voltage 
Input Noise - Current Input 
Voltage Input 

UNCOMMITTED OP AMP CHARACTERISTICS 

Input Offset Voltage 
Input Bias Current 
Input Impedance 
Large Signal Voltage Gain 
Output Current 

TEMPERATURE RANGE 

Specification 

Operating 

Storage 

POWER SUPPLY REQUIREMENTS 

Rated Supply Voltages 
Supply Voltage Range 
Supply Current Drain 
at Quiescent (max.) 
at Full Load (max.) 

'(1) Log conformity at 25°C 


±0.0005A/°C 

±0.001 I R /°C for I R > 1/uA 
±0.003 I R /°C for 400nA < I R < ljuA 
lOpA at +25°C, Doubles Every 10°C 
±10 mV/°C 


±0.001 I R /V 
±300ju V/V 

IpA RMS, 10Hz to 10kHz 
10 m V RMS, 10Hz to 10kHz 


0°C to +60°C 
-10°C to +70°C 
-5S°C to +12 5°C 


± 1 5VDC 

± 14VDC to +16VDC 


0.046mm 

(0.018") 


oo oo o ooo 


O O O o o o o - 


CASE: Black Ceramic 

Mating Connector 245MC 
PIN: Pin material .and plating composition 

conform to- method 2003 (solderability ) 
of Mil-Std-883 (except paragraph 3.2) 
WEIGHT: 56 grams, (2 oz.) 


PIN DESIGNATIONS 


2. I REF Input 

3. No Pin Present 

4. +1 Input 

5. Current Inverter Output 

6. No Pin Present 

7. Current inverter Input 

8. No Pin Present 

9. Op Amp +lnput 

10. Op Amp -Input 

1 1 . Op Amp Output 

12. No Pin Present 

13. Make No Connection 

14. Negative Supply 

15. No Pin Present 

16. No Pin Present 

17. No Pin Present 

18. Log Output 

19. Gain Adjust 

20. No Pin Present 

21. Common 

22. Positive Supply 

23. l R £p Bias 

24. No Pin Present 

NOTE: Pin 4 is internally connected to pin 5. t 
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TYPICAL PERFORMANCE CURVES 
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FIGURE 2. Relationship of Reference Current Ip 
and external resistor Rj. 



FIGURE 4. Log Relationship oflAs! and output 
*R 

voltage in terms of "A". 
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FIGURE 3. Relationship of scale factor "A" to 
gain-setting resistor R£. 
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FIGURE 5. Relationship! 


i output voltage 


iof A. for l R = tjuA and A = 5V and 10V. 


DISCUSSION OF SPECIFICATIONS - 


ACCURACY 

The deviation from the ideal output voltage defined as a per- 
cent of the full scale output voltage. 

INPUT/OUTPUT RANGE 

The log relationships of -A log i and -A log are sub- 
*r *r r 

ject to the constraints specified. The 4127 can be operated 
with inputs lower than those given, but the accuracy will be 
degraded. 

FREQUENCY RESPONSE 

The small-signal frequency response varies considerably with 
signal level and scaling, so the frequency response is specified 
under several different operating conditions. 


STABILITY 

The use of a monolithic transistor quad and low-drift op 
amps minimizes drift, but some drift remains in the scale- 
factor, reference current, and input offset. Input offset con- 
sists of a bias current plus the op amp input voltage offset 
divided by the signal source resistance. Also, there is some 
slight drift in conformity to the log function and in output 
amplifier offset, but this is generally negligible. 

SCALE FACTOR A AND REFERENCE CURRENT l R . 

Refer to CHOOSING THE OPTIMUM SCALE FACTOR 
AND REFERENCE CURRENT. 
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CHOOSING THE 
OPTIMUM SCALE FACTOR 
AND REFERENCE CURRENT 

To minimize the effects of output offset and 
noise, it is usually best to use the full + 10 V 
output range. Once an output range of ± 10 V 
has been chosen, then “A” and Ir can be 
determined from the min/max of the input 
current Ig. 

E 0 = -A log , where I min < I s < I max 

•r 

The output range of + 10V for an input range 
of ^min t0 Imax means that 

+10 = -A log JShMH and - 10 = -A log I™* 

! R j R 

Adding these two equations together 

wWWkn ArU= /I x~~ 
iog — . u, or ir J ^max^mm 

> Ir z 

The value for A can be found from: 


0 

J Imax ^min 

In terms of the input current range for Ig, the 
values for Ir and A that will provide a full 
+ 10V output swing are: 

f 10 

1 R = /WW and A = [ 

log max 
IR 


Example: Assume that I m j n is +1 On A and 
^max * s + 100 m A. 

This is an 80 dB range. 


Ir J Imaxlmin = 

y (10- 4 ) (10' 8 )= lO" 6 , or 1 /jA. 




CONNECTION DIAGRAMS 

If current inverter is not used leave pin 7 open. 


Transfer function is E 0 = -A log Jj. where Ij is a positive input current 

•r 

and Ir is the resistor-programmed internal reference current. 



ADJUSTMENT PROCEDURE 

1. Refer to top of page for choosing optimum scale factor and 
reference current. 

2. Apply I] = Ir, adjust Rj such that E 0 = 0. 

3. Apply I j = I max , adjust R 2 for the proper output voltage. 

4. Repeat steps 2 and 3 if necessary. 

5. Ignore this step if 1 1 min ^ JOnA. Otherwise, apply Ij = InA, 
make R 3 = lkM£2 and adjust R 4 for the proper output voltage. 


Transfer function is E 0 = -A logLIiwhere Ij is a negative input current 

Ir 

and Ir is the resistor-programmed internal reference current. 



ADJUSTMENT PROCEDURE 


logVx= 2 So A=5 , 

IR 

For an Ir of 1/xA and A of 5, 

E 0 = -5 log JS 
ljuA 

♦ Single resistor recommended. Voltage divider network 
difficult to use due to amplifier offset voltage. RF500-108, 
lk meg resistor available from Burr- Brown. 


1. Refer to top of page for choosing optimum scale factor and 
reference current. 

2. Apply |lj| = Ir adjust Rj such that E 0 = 0. 

3. Apply |Ij| = I max , adjust R 2 for the proper output voltage. 

4. Repeat steps 2 and 3 if necessary. 

5. Ignore this step if 1 1 1 m i n I ^ 10nA. Otherwise, apply |lj| = InA, 
make R 3 = lkM£2*and adjust R 4 for the proper output voltage. 
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CONNECTION DIAGRAMS 


Transfer function is E 0 
reference current. 


FIGURE 8. 


-A log — !_, where Ej is a positive input voltage and Ir is the resistor-programmed internal 

R 4 !r 


ADJUSTMENT PROCEDURE 

1 . Refer to CHOOSING OPTIMUM SCALE FACTOR 
AND REFERENCE CURRENT. 

2. Apply Ej = Ir (10k£2), adjust Rj such that E 0 = 0. 

3. Apply Ej = E max , adjust R2 for the proper output voltage. 

4. Apply Ej = E m j n , adjust R3 for the proper output. 

5. Repeat steps 2 through 4 if necessary. 

NOTE: If lockup occurs at low input levels, pin 4 should be 
connected to pin 5. 




Transfer function is E 0 = -A log jjlj with Ij and I2 negative; |lj| > In A, 1 12 1> ljuA. 


ADJUSTMENT PROCEDURE 



1. Refer to CHOOSING OPTIMUM SCALE FACTOR 
AND REFERENCE CURRENT. 

2. No further adjustment is necessary if Ij min > lOnA, 
otherwise connect the R3 and R4 network, with R4 = 10k 
and R3 = 109£2. Adjust R4 for proper output voltage 
after adjusting gain errors. Since the voltage at pin 4 is in 
the range of +5 mV, it is not practical to use a T - network 
to replace R3. 


FIGURE 10. 
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Transfer function is E 0 = -A logUJwith negative, I2 positive; | Ij |> In A, I2 > ljuA. 



ADJUSTMENT PROCEDURE 

1. Refer to CHOOSING OPTIMUM SCALE FACTOR 
AND REFERENCE CURRENT. 

2. No further adjustment is necessary if|lj|min > lOnA, 
otherwise connect the R3 and R4 network, with R4 = 10k 
and R3 = 1 0^12. Adjust R4 for proper output voltage after 
adjusting gain errors. Since the voltage at pin 4 is in the 
range of ±5mV, it is not practical to use a T - network 

to replace R3. 


FIGURE 11. 


Transfer function is E fl = -A log _! with Ij and I2 positive; Ij > InA, I2 > ljuA. 


+ 15V ? -FI 




* Needed only if 
I - < lOn A 


ADJUSTMENT PROCEDURE 

1. Refer to CHOOSING OPTIMUM SCALE FACTOR 
AND REFERENCE CURRENT. 

2. No further adjustment is necessary if Ij min > lOnA, 
otherwise connect the R3 and R4 network, with ^4= 10k 
and R3 = 109£2. Adjust R4 for proper output voltage after 
adjusting gain errors. Since the voltage at pin 4 is in the 
range of + 5mV, it is not practical to use a T - network 

to replace R3. 


FIGURE 12. 


ANTILOG OPERATION 

The 4127 can also perform the antilog function. The 
output is connected through a resistor R 0 into the current 
input, pin 4. The input signal is connected through a gain 
resistor to pin 19 as shown in Figure 13. 

These connections form an implicit loop for computing the 
antilog function. From the block diagram of Figure 1 , the 
voltage at the inverting input of the output amplifier A2 
must equal E2, so 

E 2 % i7T^ E S’ R T^ 520fi 

Since the output is connected through R 0 to pin 4, the 
current Ig will equal E 0 /R 0 and E2 will be 

mKT U - E o 

2 " q Vr 

Combining expressions for E2 gives the relationship 

-^V Ec --— . 4_!°_ 

R T + R 2 E S q , R 

E s _, E o 

a" = ° 8 Rq Ir 


Rj + R2 


(26mV) - 


E q = R 0 I R Antilog - 

A 

Setting R 0 and I R will set the scale factor. For example, an 
R 0 of 1M£2 and I R of ljuA will give a scale factor of unity and 
Eq 

E 0 = Antilog — — 



Insert O.OI/uF between 
Pin 18 and Pin 19 if the 
unit oscillates. 


FIGURE 13. 
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Integrated Circuit 
MULTIPLIER-DIVIDERS 


FEATURES APPLICATIONS 

• LASER-TRIMMED • MULTIPLICATION. DIVISION, SQUARING, 

Requires No Adjustment SQUARE ROOTS 

• GUARANTEED ACCURACY - 1% or 2% • RMS MEASUREMENTS 

• SELF-CONTAINED • FREQUENCY DOUBLER 

No Additional Amplifiers . BALANCED MODULATOR ANO DEMODULATOR 

• FAST SLEWING - 25V/ M sec . ELECTRONIC GAIN CONTROL 

• SMALL PACKAGE - TO-IOO . FUNCTION GENERATOR AND LINEARIZING CIRCUITS 

• PROCESS CONTROL SYSTEMS 

DESCRIPTION 

Burr-Brown Models 4203 and 4205 are integrated supply voltage variation than were earlier IC 

circuit multipliers designed for general purpose multipliers. The fast (25 V/^usec) slew rate and 1 MHz 

usage. In addition to four-quadrant multiplication bandwidth are key performance factors for appli- 

they also perform division and square rooting of cations where delay phase shift must be minimized, 

analog signals, requiring no additional amplifiers in Harmonic distortion of the 4203 and 4205 remain 

performing the above functions. They are laser- low for frequencies well above 100k Hz, an important 

trimmed prior to final packaging and are guaranteed asset in modulation applications, 

to their rated accuracy with no external components. other desirable features are hermetic TO- 100 package 

This is a distinct advantage from the standpoints of (|0-pin version of TO-99) and wide temperature 

cost and reliability. range of operation. The 4203S and 4205S are 

These multipliers contain their own zener-regulated specified for operation over the full M I L temperature 

references and, as a result, are much less sensitive to range. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0BP - Telex: 66-6491 

PDS-473 
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SPECIFICATIONS 

ELECTRICAL 

Typical at +2S°C with rated power supplies unless otherwise noted. 
Percent specifications refer to % of full scale (10V). 


MECHANICAL 


MODEL 



OUTPUT FUNCTION 4203 

i XY/10 


4205 

(Xi -X 2 HY 1 -Y 2 )/10 | 

| TOTAL ERROR* | 

Internal Trim 

2%, max I 1%, max 

1 %, max 

External Trim 

1% 1 0.6% 

0.6% 

vs Temperature 

0.04%/° C 


vs Supply 

0.2%/% 


| INDIVIDUAL ERRORS I 

Output Offset at +25°C (X = Y = 0) 

20mV, max 


vs Temperature (Operating Range) 

0.4mV/°C 


vs Supply 

idmV/% 


Scale Factor Error 

1% 1 0.6% 

0.6% 

vs Temperature (Operating Range) 

0.04%/°C , 


vs Supply 

0.1%/% 


Nonlinearity 



X(X = 20V, p-p; Y = ±10VDC) 

0.8% ) 0.5% 

0.5% 

Y(Y = 20 V, p-p; X = ±10VDC) 

0.2% 


Feedthrough at 50Hz 



X =0, Y = 20V, p-p (Internal Trim) 

50mV, p-p 


(External Trim) 

20mV, p-p 


vs Temperature 

ImV, p-p/°C 


Y = 0, X = 20V, p-p ( Internal T rim t 

50 mV, p-p 


(External Trim) 

20mV, p-p 


vs Temperature 

2mV, p-p/°C 


| AC PERFORMANCE | 

Slew Rate 

25V//usec 


-3dB Small Signal Bandwidth 

1MHz 


1% Amplitude Error 

40kHz 


1 % Vector Error ( 0.57° phase shift) 

10kHz 


Settling Time (2% of final value, 20V, step) 

l^sec 


Overload Recovery Time 

3Aisec 


| OUTPUT NOISE (X = Y = 0) 1 

10kHz to 10MHz 

3 mV, rms 


10Hz to 10kHz 

600/uV, rms 


| INPUT CHARACTERISTICS f 

Input Voltage Range 



Rated Operation 

±10V 


Absolute Max 

±15V 


Input Impedance, X 

lOMft 


Y 

ioMn 


Z 

36kft 


| OUTPUT CHARACTERISTICS f 

Rated Output 

±10V at ±5mA 


Output Impedance 

1ft 


| POWER SUPPLY REQUIREMENTS | 

Rated Voltage 

±15VDC 


Operating Range 

±12VDC to ±18VDC 

Quiescent Current 

±4.5mA 



| TEMPERATURE RANGE I 

Operating, Rated Performance 

0°C to 70°C 

-55°C to I 



+125°C 

Storage 

-65°C to +150°C j 


NOTE: 

Leads in true position within 0.10" 
(0.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 

Numbers may not be marked on package. 



ORDER NUMBER: 
4203 J, 4205 J 
4203K, 4205K 
4203S, 4205S 
WEIGHT. 

1 gram 


BE! 



M2SM 


miU3H 

UEEHl 

m 

CSH 

ES9I 

EBS 

EB3H 

BDH 

kw-mpi 

ESEi 

fBSM 

CEDE 

QH 

ESHI 

BESH 

Wft-IBP 

OB 

K3H 

Eim 



ESMi 

Q| 

EES 


ISH 

S 


wxr.m 

EUS 

K!f 

KE9I 



SEER 


B 

n 





B33BI 

warm, 


SMB 




iqqhi 

PM 



EEBS 

EE9H 

EE3B 


E5EH0HEI 





EES 

STMI 

R223H- 


CONNECTION DIAGRAM 


*T otal error is a tested maximum at +25°C and represents the maximum allowed value for 
the sum of the individual errors. 
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ANALOG MULTIPLER-DIVIDER 


FEATURES 

IMPROVE SYSTEM ACCURACY 
+0.25% and +0.5% units 

LOW COST 
0.5% accuracy 

IMPROVE ACCURACY 
OVER TEMPERATURE • +0.02%/°C max 

SIMPLIFY ASSEMBLY 
Laser-trimmed at the factory 
No external components required 



International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1 1 1 1 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-3 1 1 A 
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DESCRIPTION 


The 4204 is an internally trimmed four quadrant analog 
multiplier/divider using the log/antilog technique. This 
method yields excellent accuracy, low noise and moderate 
bandwidth— at low cost. No external components or ampli- 
fiers are required with the 4204. Accuracy specifications are 
guaranteed without external adjustments and are verified at 
Burr-Brown by an automatic tester which scans the X-Y 
plane. Maximum error at any point in the plane is required to 
be less than the specified values. 

The laser trimmed 4204 is the first high accuracy hybrid IC 


multiplier/divider ever offered. Just as Burr-Brown was first 
to offer internally laser trimmed IC multipliers with accu- 
racies of 1% and 2% (Model 4203), we have now extended 
this money saving technology into the accuracy areas where 
only higher priced modules were previously available. The 
excellent tracking characteristics of adjacent monolithic tran- 
sistors is a key element in maintaining the 4204’s high accu- 
racy performance over the temperature range. By variation of 
external pin connections, the 4204 may be used as a divider 
or square rooter. No external amplifiers are required for 
either operation. 


THEORY OF OPERATION 


The 4204’s log-antilog multiplication technique is based 
upon the logarithmic voltage-current relationship in a semi- 
conductor junction. This action is shown by this simplified 
KT 

equation: V be = (— )(ln I c -In I s ) 

where Vb e is the transistor’s emitter base voltage, I c is the 
transistor collector current, I s is the collector saturation 
current, K is Boltzmann’s constant, q is the charge of one 
electron and T is the absolute temperature in degrees Kelvin. 
As can be seen from the equation, the logarithmic function is 


extremely temperature sensitive. The 4204, however, has ex- 
cellent temperature characteristics because the log and anti- 
log circuitry have equal and opposite temperature drifts 
which cancel to a first order approximation. The log and 
antilog circuits will compensate each other to the extent that 
the various logging transistors are matched to each other. In 
the 4204 these transistors are placed adjacently on a mono- 
lithic chip to obtain the best possible matching and so the 
best possible performance. 


BLOCK DIAGRAM 



Functional Diagram of Model 4204. 
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SPECIFICATIONS 


Typical performance at +2S°C with rated power supplies unless otherwise noted. 
Per cent specifications refer to % of full scale (10V). 


ELECTRICAL 


MODEL 

4204J 

4204K 

4204S 

OUTPUT FUNCTION 

E x E y 

* 

* 


10 



TOTAL ERROR** 

Internal trim t 

0.5% max 

0.25% max 

0.2 5%, max 

External trim, typ 

0.2% 

0.1% 

0.1% 

vs. Temperature 

0.01 %/°c 

* 

0.02%/°C,max 

vs. Supply 

0.02%/% 

♦ 

* 

INDIVIDUAL ERRORS 

Output Offset X=Y=0 

15 mV 

5 mV 

5 mV 

Scale Factor Error 

Non-Linearity 

0.2% 

0.1% 

0.1% 

X = 20 V, p-p Y = -10 VDCt 

Y = 20 V, p-p X = — 10 VDC f 

0.005% 

* 

* 

X = 20 V, p-p Y = +10 VDC l 

Y = 20 V, p-p X = +10 VDC / 

0.05% 

* 

* 

Feedthrough @ 50 Hz 




X = 20 V, p-p Y = 0 

10 mV p-p 

5 mV p-p 

5 mV p-p 

Y = 20 V, p-p X = 0 

10 mV p-p 

5 mV p-p 

5 mV p-p 

AC PERFORMANCE 

Slew Rate 

1 V//Ltsec 

* 

4c 

-3 dB Small Signal Bandwidth 

250 kHz 



1% Amplitude Error 

33 kHz 



1% Vector Error (0.57° phase shift) 

2.5 kHz 



Full Power Response 

20 kHz 




300 juV rms 

* 

* 

INPUT CHARACTERISTICS 

Input Voltage 


* 

4c 

Maximum for Rated Specifications 




X,Y ,Z 

+ 10 V 



Maximum Safe Level X,Y,Z 

+ Supply 



Input Impedance X/Y/Z 

25kft/25kft/100kft 



OUTPUT CHARACTERISTICS 

Rated Output 


* 

4r 

Voltage, min 

+ 10 V 



Current, min 

+ 5 mA 



Output Impedance 

1 ft 



POWER SUPPLY REQUIREMENTS 

Rated Supply 

+ 15 VDC 

i 

♦ 

Operating Range 

+ 14 to +16 V 

I 


Quiescent Current 

+ 15 mA, -8.5 mA 



TEMPERATURE RANGE 

Specification 

-25°C to +8S°C 

♦ 

-55°C to +125°C 

Operating 

-5 5°C to + 1 2 5°C 


• 

Storage 

-65°C to + 125°C 


4c 


*Same as for 4204J. 

** Total error is a tested maximum and does not represent a sum of the maximum 
individual errors as the maximum individual errors do not occur at the same X, 
Y operating point. 

f With output loading of 10 kft or less. 


MECHANICAL 




PIN 1 IS IDENTIFIED BY A 
BLACK DOT ON THE TOP SURFACE 


Pin material and plating composition meet 
Method 2003 (solderability) of Mil-Std-883 
[except for paragraph 3.2.} 


J PIN CONNECTIONS 

l 

Ez 

2 

Output 

3 

-v s 

4 

Feedthrough Adj. 

5 

Make No Connection 

6 

Make No Connection 

7 

E x 

8 

Internal Reference 

9 

Make No Connection 

10 

Ground 

11 

Feedthrough Adj. 

12 

Offset Adj. 

13 

Ey 

14 

+v s 
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TYPICAL PERFORMANCE CURVES 


Typical Performance @25°C and ±15 VDC 



lk 1 Ok 100k 1M 
FREQUENCY (Hz) 







' 1 


_J 









L -J 








0 200 400 

TIME (Msec) 


03 

T3 


W 

Q 

D 

H 


s 

< 



10k 100k 1M 1 OM 

FREQUENCY (Hz) 


FIGURE 1. Large Signal Frequency 
Response 


FIGURE 2. Step Response 


FIGURE 3. Small Signal Frequency 
Response 



lk 10k 100k 1M 


FREQUENCY (Hz) 

FIGURE 4. Small Signal Frequency 
Response 



100 lk 10k 100k 


FREQUENCY (Hz) 

FIGURE 5. Output Distortion 
vs. Frequency 



100 lk 10k 100k 


FREQUENCY (Hz) 

FIGURE 6. AC Feedthrough 
vs. Frequency 


DISCUSSION OF PERFORMANCE CURVES 


LARGE SIGNAL FREQUENCY RESPONSE 

This response curve describes the output voltage capability of 
the 4204 as a function of frequency. The measurement is made 
with one input at + 1 0 or — 1 0 VDC, and with a sine wave applied 
at the other input. An output distortion of 0.5% is allowed. 

STEP RESPONSE 

Step response is measured with one input at + 1 0 or - 1 OVDC and 
with a 20 volt p-p square wave applied at the other input. 

SMALL SIGNAL FREQUENCY RESPONSE 

These curves are the amplitude and phase response of the 4204’s 
transfer function, when one input is held at + 1 0 or — 1 0 VDC . A 
sine wave signal is applied to the other input. Small signal 
response requires that the amplitude of the input sine wave be 
adjusted so that the output signal does not reach the slew rate 
limitation. 


OUTPUT DISTORTION 

The output distortion of the 4204 is of most interest in 
modulator applications. The curve of Figure 5 characterizes 
this distortion with one input of the 4204 held at + 1 0 or - 1 0 
VDC. A sine wave is applied to the other input. The sine wave 
amplitude is held constant at 20 volts p-p while frequency is 
varied. 


AC FEEDTHROUGH 

The variation of feedthrough as a function of frequency is 
illustrated by Figure 6. One of the inputs is a zero while a 20 
volt p-p sine wave is applied at the other input. The output 
feedthrough generally has substantial harmonic content and 
is measured in millivolts, peak-to-peak. 
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OPERATING MODES 



ADJUSTMENTS 

Although the 4204 will achieve specified performance in the 
multiply mode with no external trimming, optimized perfor- 
mance can be achieved with external adjustments. The proper 
connections and the trim procedures are explained below. 

The 4204 will operate within specification with any combina- 
tion of input signals. The best performance, however, will be 
obtained in the 2nd, 3rd and 4th quadrants. That is if four 
quadrant operations are not needed, the performance of the 
4204 can be optimized by constraining operation to quad- 
rants 2, 3 and 4 rather than 1 . 

MULTIPLICATION 

MULTIPLICATION TRIM PROCEDURE (FIG. 7) 

1) Set E x = 0 and apply a 10 volt peak-peak sine wave 
(50 Hz) to Ey: Adjust Rj for minimum output. 

2) Set Ey = 0 and apply a 10 volt peak-to-peak sine wave 
(50 Hz) to E x : Adjust R 2 for minimum output. 

3) Set E x = Ey = 0: Adjust R 3 for E out = 0.000 V. 

4) Set E x = Ey = +10.000 V + 1 mV: Adjust R 4 for 
E ou t = +l 0 - 0 0° V + 2 mV. 



FIGURE 7. Multiplication Trim Procedure. 
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DIVISION 


The 4204 may be used as a two-quadrant divider without 
the need for an external operational amplifier. It should, 
however, be noted that the maximum output error is 
approximately given by 

divider error « 

Ex 

where e m is the total error specification for the multiply 
mode. Obviously, divider error becomes excessively large for 
small values of E x . A 10: 1 denominator range is usually the 
practical limit. If more accurate division is required over 
wide range of denominator voltages, the Burr-Brown 
model DIV100 is recommended (0.25% max error over 
40: 1 range). 

DIVISION TRIM PROCEDURE (FIG. 8) 

1) Set all potentiometers @ about mid-scale. 

SQUARE ROOT 

The pin connections for the Square Root mode of operation 
are similar to those for division, except that the denominator 
input is connected to the output node. Errors in the Square 
Root mode of operation become troublesome for small 
values of E z . However, the output error does not increase so 
rapidly as in the divide mode. The actual output for small 
values of E z is given approximately by 

E out * -V 10 E Z + 10 e m 

where e m is the total error specified for Multiply mode. This 
equation can be used to determine the feasibility of using the 
4204 as a square rooter for a given application. For operation 
over a much wider dynamic range, with improved accuracy, 
the Model 4302 multifunction converter is recommended. 


2) Set E z = 0 volt, E x ^ -10 V, adjust R 2 such that E 0 = 
0.000 V ±2 mV. 

3) Set E x = E z = -1 0.000 VDC ±2 mV, adjust R 3 such that 
E 0 = + 10.000VDC+2 mV. 

4) Set E x = E z « minimum value required by application, 
adjust Rj such that E 0 = +10.000 VDC +5 mV. 

5) Repeat steps (2) through (4) if necessary. 



FIGURE 8 . Division Trim Procedure. 


SQUARE ROOT TRIM PROCEDURE (FIG. 9) 

1) Set E z = +10.000 VDC ±2 mV, adjust R 2 such that E 0 = 
-10.000VDC±2 mV. 

2) Set E z « minimum value required by application (E zm ) 
adjust Ri such that E 0 = - VlO E zm +2 mV. 

3) Repeat steps (1) and (2) if necessary. 
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BURR - BROWN ® 


4206 



ANALOG MULTIPLIER-DIVIDER 


FEATURES 

• HIGH TOTAL ACCURACY 

0.25% and 0.5% max, no external trims 
0.1% and 0.2% typ. with external trims 

• LOW TEMPERATURE DRIFT 

100ppm/°C from 0°C to +70°C 

• SMALL PACKAGE 

Dual-in-line saves board space 

. LOW COST 



International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DESCRIPTION 


The 4206 is a four-quadrant analog multiplier offering high accuracy, low noise, and moderate 
bandwidth at low cost. It uses the log/antilog technique and is internally laser-trimmed and 
multiply mode accuracies of 0.25% and 0.5% max, are guaranteed with no external components. 
By following the external trim procedure described in Multiplication section, accuracies can be 
improved to 0.1% and 0.2% typ. Accuracy specifications are verified at Burr-Brown by an 
automatic tester which scans the X-Y plane. Maximum error at any points in the plane is 
required to be less than the specified values. 

The 4206 also performs the divide function in two quadrants and the square root function in 
one quadrant with no external components required. Detailed instructions for these operations 
are given on the last page. 


THEORY OF OPERATION 


The 4206’s log-antilog multiplication technique is based extremely temperature sensitive. The 4206, however, has ex- 

upon the logarithmic voltage-current relationship in a semi- cellent temperature characteristics because the log and anti- 
conductor junction. This action is shown by the simplified log circuitry have equal and opposite temperature drifts 

equation: V^ e = <3(1- Ic _ lnlg) which cancel to a first order approximation. The log and 

T . antilog circuits will compensate each other to the extent that 

where V^g is the transistor s emitter-base voltage, I c is the the various logging transistors are matched to each other. In 

transistor collector currerit, I s is the collector saturation the 4206 these transistors are placed adjacently on a mono- 
current, K is Bolzmann s constant, q is the charge of one lithi C chip to obtain the best possible matching and so the 

electron and T is the absolute temperature in degrees Kelvin. b est possible performance. 

As can be seen from the equation, the logarithmic function is 





SPECIFICATIONS 


Typical performance at + 25°C with rated power supplies unless otherwise noted. 
Per cent specifications refer to % of full scale (10V). 


ELECTRICAL 




MODEL 



OUTPUT FUNCTION 

E x Ey 

10 

* 

TOTAL ERR0R( Multiply Mode)** 

Internal trim, max t 

0.5% max 

0.25% max 

External trim, typ 

0.2% 


vs. Temperature 

0.01 %/°c 

* 

vs. Supply 

0.02%/% 

* 


15 mV 

5 mV 

Scale Factor Error 

0.2% 

0.1% 

Non-Linearity 

X = 20 V, p-p Y = -10 VDC\ 

0.005% 


Y = 20 V, p-p X = -10 VDC f 


X = 20 V, p-p Y = +10 VDC \ 

0.05% 

* 

Y = 20 V, p-p X = +10 VDC f 


Feedthrough <® 50 Hz 

X = 20 V, p-p Y = 0 

10 mV p-p 

5 mV p-p 

Y - 20 V, p-p X = 0 

10 mV p-p 

5 mV p-p 

AC PERFORMANCE 


* 

Slew Rate 

1 V/jusec 


-3 dB Small Signal Bandwidth 

250 kHz 


1% Amplitude Error 

33 kHz 


1% Vector Error (0.57° phase shift) 

2.5 kHz 


Full Power Response 

20 kHz 


OUTPUT NOISE X = Y = 0.0V 


* 

DC to 10 kHz 

300 mV rms 


INPUT CHARACTERISTICS 


* 

Input Voltage 

Maximum for Rated Specifications X,Y,Z 

+ 10 V 


Maximum Safe Level X,Y,Z 

+ Supply 


Input Impedance X/Y/Z 

25kl2/25kl2/l 00kl2 


OUTPUT CHARACTERISTICS 


* 

Rated Output 

Voltage, min 

+ 10 V 


Current, min 

+ 5 m A 


Output Impedance 

1 12 


POWER SUPPLY REQUIREMENTS 


* 

Rated Supply 

+ 15 VDC 


Operating Range 

+ 14 to +16 V 


Ouiescent Current 

+ 15 mA, -8.5 mA 


TEMPERATURE RANGE 


* 

Specification 

0°C to +70°C 


Operating 

-25°C to +85°C 


Storage 

-55°C to + 125 °C 



* Same as for 4206J 

** Total error is a tested maximum and does not represent a sum of the maximum 
individual errors as the maximum individual errors dq not occur at the same X, 
Y operating point. 

f With output loading of 10kl2 or less. 


MECHANICAL 


NOTE: Leads in 
true position within 
.010"(.25mm) R at 
MMC at seating 
plane. 



£1 


mm 

INCHES 


12031 

(2031 

(QQ2H 

fEEM 

m 

WiSliWk 

.810 

20.07 

E&EEI 

EH 

.490 

.510 

12.45 

BE3 

EH 

.190 

.260 

4.83 

M5f!f 

D 

.018 

.021 

0.46 

0-53 I 

G 

.100 BASIC 

2.54 BASIC 

H 

.080 

.115 

2.03 

2.92 

K 

.130 

.300 

3.30 

7.62 

L 

.300 BASIC 

7.62 BASIC 

R 

.080 | .115 

2.03 | 2.92 


PIN SPACING. 2.5mm (0.1") ROW 
SPACING: 7.6mm (0.300") WEIGHT: 
3.4 grams (0.12 oz.) CONNECTOR: 
14-pin DIP 0145MC 

Pin material and plating composition con- 
form to Method 208(solderability) ofMil- 
Std-202. 


Pin numbers shown 
for reference only. 
"Numbers are not 
marked on package. 



PIN CONNECTIONS 

l 

E z 

2 

Output 

3 

-V 8 

4 

Feedthrough Adj. 

5 

Make No Connection 

6 

Make No Connection 

7 

Ex 

8 

Internal Reference 

9 

Make No Connection 

10 

Ground 

11 

Feedthrough Adj. 

12 

Offset Adj. 

13 

By 

14 

+V. 
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TYPICAL PERFORMANCE CURVES 


Typical Performance @25°C and +15 VDC 



FIGURE 1. Large Signal Frequency 
Response 


FIGURE 2. Step Response 


FIGURE 3. Small Signal Frequency 
Response 



FIGURE 4. Small Signal Frequency 
Response 


FIGURE 5. Output Distortion 
vs. Frequency 


FIGURE 6. AC Feedthrough 
vs. Frequency 


DISCUSSION OF PERFORMANCE CURVES 


LARGESIGNAL FREQUENCY RESPONSE 

This response curve describes the output voltage capability of 
the 4206 as a function of frequency. The measurement is made 
with one input at + 1 0 or - 1 0 VDC, and with a sine wave applied 
at the other input. An output distortion of 0.5% is allowed. 

STEP RESPONSE 

Step response is measured with one input at + 1 0 or - 1 OVDC and 
with a 20 volt p-p square wave applied at the other input. 

SMALLSIGNAL FREQUENCY RESPONSE 

These curves are the amplitude and phase response of the 4206’s 
transfer function, when one input is held at + 1 0 or - 1 0 VDC . A 
sine wave signal is applied to the other input. Small signal 
response requires that the amplitude of the input sine wave be 
adjusted so that the output signal does not reach the slew rate 
limitation. 


OUTPUT DISTORTION 

The output distortion of the 4206 is of most interest in 
modulator applications. The curve of Figure 5 characterizes 
this distortion with one input of the 42 06 held at +10 or — 10 
VDC. A sine wave is applied to the other input. The sine wave 
amplitude is held constant at 20 volts p-p while frequency is 
varied. 


AC FEEDTHROUGH 

The variation of feedthrough as a function of frequency is 
illustrated by Figure 6. One of the inputs is a zero while a 20 
volt p-p sine wave is applied at the other input. The output 
feedthrough generally has substantial harmonic content and 
is measured in millivolts, peak-to-peak. 
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OPERATING MODES 



ADJUSTMENTS 

Although the 4206 will achieve specified performance in the 
multiply mode with no external trimming, optimized perfor- 
mance can be achieved with external adjustments. The proper 
connections and the trim procedures are explained below. 

The 4206 will operate within specification with any combina- 
tion of input signals. The best performance, however, will be 
obtained in the 2nd, 3rd and 4th quadrants. That is if four 
quadrant operations are not needed, the performance of the 
4206 can be optimized by constraining operation to quad- 
rants 2, 3 and 4 rather than 1 . 

MULTIPLICATION 

MULTIPLICATIONTRIM PROCEDURE (FIG. 7) 

1) Set E x = 0 and apply a 10 volt peak-peak sine wave 
(50 Hz) to E y : Adjust Rj for minimum output. 

2) Set Ey = 0 and apply a 10 volt peak-to-peak sine wave 
(50 Hz) to E x : Adjust R 2 for minimum output. 

3) Set E x = Ey = 0: Adjust R 3 for E out = 0.000 V. 

4) Set E x = Ey = +10.000 V + 1 mV: Adjust R 4 for 
E ou t = + 1 0000 v +2 mV. 



FIGURE 7 Multiplication Trim Procedure 
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DIVISION 


The 4206 may be used as a two-quadrant divider without 
the need for an external operational amplifier. It should, 
however, be noted that the maximum output error is 
approximately given by 

divider error % 

Ex 

where € m is the total error specification for the multiply 
mode. Obviously, divider error becomes excessively large 
for small values of Ex. A 10:1 denominator range is 
usually the practical limit. If accurate division is required 
over a wide dynamic range of denominator voltage, the 
Burr-Brown model DIV100 is recommended (0.25%, 
max., over a 40:1 range). 

DIVISION TRIM PROCEDURE (FIG. 8) 

1) Set all potentiometers near mid-scale. 

SQUARE ROOT 

The pin connections for the Square Root mode of operation 
are similar to those for division, except that the denominator 
input is connected to the output node. Errors in the Square 
Root mode of operation become troublesome for small 
values of E z . However, the output error does not increase so 
rapidly as in the divide mode. The actual output for small 
values of E z is given approximately by 

^out % ~V 10E Z + l^m 

where e m is the total error specified for Multiply mode. This 
equation can be used to determine the feasibility of using the 
4206 as a square rooter for a given application. For operation 
over a much wider dynamic range, with improved accuracy, 
the Model 4302 multifunction converter is recommended. 


2) Set E z = 0 volt, E x « -10 V, adjust R£ such that E 0 = 
0.000 V ±2 mV. 

3) Set E x = E z = -10.000VDC ±2 mV, adjust R 3 such that 
E 0 = + 10.000VDC ±2 mV 

4) Set E x = E z minimum value required by application, 
adjust Rj such that E 0 = +1 0.000 VDC +5 mV. 

5) Repeat steps (2) through (4) if necessary. 



FIGURE 8 Division Trim Procedure 

SQUARE ROOT TRIM PROCEDURE (FIG. 9) 

1) Set E z = + 10.000 VDC ±2 mV, adjust R 2 such that E 0 = 
+ 10.000 VDC ±2 mV. 

2) Set E z minimum value required by application (E zm ) 
adjust R\ such that E 0 = -\/T0 E zm ±2 mV. 

3) Repeat steps (1) and (2) if necessary. 
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BURR-BROWN® 


4213 



MULTIPLIER-DIVIDER 


FEATURES 

APPLICATIONS 

• LOW COST 

• MULTIPLICATION 

• DIFFERENTIAL INPUT 

• DIVISION 

• ACCURACY 100% TESTED AND GUARANTEED 

• SQUARING 

• LOW NOISE 

• SQUARE ROOT 

120mV, rms, 10Hz to 10kHz 

• LINEARIZATION 

• SELF-CONTAINED 

No additional amplifiers 

• POWER COMPUTATION 

• SMALL SIZE 

• ANALOG SIGNAL PROCESSING 

Hermetic T0-100 package 

• ALGEBRAIC COMPUTATION 

• WIDE TEMPERATURE OPERATION 

• TRUE RMS-T0-DC CONVERSION 

DESCRIPTION 


The 4213 multiplier-divider is a low cost precision 

external components. The internal zener regulated 

device designed for general purpose application. In 

references make the 4213 much less sensitive to 

addition to four-quadrant multiplication, it also 

supply variation than earlier IC multipliers. Hermetic 

performs analog square root and division without 

TO- 100 package, wide operating temperature range. 

the bother of external amplifiers. The 4213 is laser- 

low output noise, and low cost are some of the 

trimmed to guarantee its rated accuracy with no 

desirable features of this versatile device. 

4213 FUNCTIONAL DIAGRAM 




International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Ta = +25°C and±V C c = 15VDC unless otherwise noted. 


MODEL 


PARAMETER 


MULTIPLIER PERFORMANCE 

Transfer Function I I ( Xi - X 2 )iYT 


IQ3I 


( Xi - X 2 hYi - Y 2 1 
10 


Total Error 
Initial 

vs Temperature 
vs Temperature 
vs Supply 
Individual Errors 
Output Offset 
Initial 

vs Temperature 
vs Temperature 
vs Supply 
Scale Factor Error 
Initial 

vs Temperature 
vs Temperature 
vs Supply! 
Nonlinearity 
X Input 

Y Input 
Feedthrough 

X Input 

Y Input 

vs Temperature 
vs Temperature 
vs Supply 


-10V X, YsS 10V 
Ta = +25° C 
-25° C ^ Ta ^ +85° C 
-55°C^Ta^+125°C 


Ta = +25°C 
-25° C s$ Ta +85°C 
-55°C < Ta sS +125°C 


Ta = +25° C 
-25°C < Ta ^ +85°C 
-55° C Ta ^ ±125°C 


X = 20V, p-p; Y = 110VDC 
Y = 20V, p-p; X = ±1QVDC 
f = 50Hz 

X = 20V, p-p; Y = 0 
Y = 20V, p-p; X = 0 
-25°C ^ Ta < +85° C 
-55°C^T A ^+125°C 


MAX UNITS 


% FSB 
% FSR/°C 
% FSR/°C 
% FSR/% 


Transfer Function 

Total Error (with 
external adjustments) 

Xi > X 2 

X = -10V 
-10 V Z s$+10V 

X = -1V 

-1V<Z< +1V 
-10V^ X^ -0.2V 
-10V <Z<+ 10V 


10(Zi-Z 2 

(Xi-X 2 ! 

±0.75 

±2.0 

±5.0 

) ! v 

- + y 2 





% FSR 
% FSR/°C 
% FSR/°C 
% FSR/% 


mV, p-p 
mV, p-p 
mV. p-p/°C 
mV, p-p/°C 
mV, p-p/% 



Transfer Function 


SQUARE-ROOTER PERFORMANCE 


Transfer Function 
Total Error 

AC PERFORMANCE 


Small-Signal Bandwidth 
1% Amplitude Error 
1% (0.57°) Vector Error 
Full Power Bandwidth 
Slew Rate 
Settling Time 
Overload Recovery 


Zi <Z 2 
IV < Z ^ 10V 


±3dB 

Small Signal 
Small Signal 
|Vo| = 10V, Rl = 2kn 
| Voi = 10V, Rl = 2kll 
e = ±1%, -Wo = 20V 
50% Output Overload 




Current 

Vo = ±10V 

Output Resistance 

f = DC 



OUTPUT NOISE VOLTAGE 


f 0 = 1 Hz 
fo = 10kHz 

1/f Corner Frequency 
fB= 10Hz to 10kHz 
fB= 10Hz to 10MHz 


POWER SUPPLY REQUIREMENTS 

Rated Voltage 

Operating Range Der£ 

Quiescent Current 


Derated Performance 
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ELECTRICAL (CONT) 


I MODEL 

4213 AM 

4213BM 

421 3SM 


PARAMETER 

CONDITIONS 




1 1 ’ n 


[ . 3 


mu 


UNITS 


Specification 


-25 


+85 



WM 





Operating Range 

Derated Performance 

-55 


+125 

ilEffll 







Storage 


-65 


+150 



H 




MM 


NOTES: 

1. Z 2 input resistance is lOMtt, typical, with Pin 9 open. If Pin 9 is grounded or used for optional offset adjustment, the Z 2 input resistance may be as low as 25kfL 
‘Same as 4213AM specification. 

The information in this publication has been carefully checked and is believed to be reliable; however, no responsibility is assumed for possible inaccuracies or 
omissions. Prices and specifications are subject to change without notice. No patent rights are granted to any of the circuits described herein. 


MECHANICAL 




INCHES 

MILLIMETERS | 

DIM 

milieu 




A 

ESS 

.370 

8.51 

9.40 

B 

.305 


7.75 

8.51 

C 

.165 



4.70 

D 

.016 

.021 

0.41 

0.53 

E 

.010 

.040 

0.25 

BB 

F 

.010 

.040 

0.25 

_L02 1 

G 



H 

.028 

.034 

0.71 

0.86 

J 

.029 

.045 

0.74 

1.14 

K 

.500 

— 

dm 

— 

L 

.120 

m-m 

lE^HI 

4.06 

M 

36° BASIC 


N 

non 

.120 

2.79 

Etaii 



PIN CONFIGURATION 

Y 2 



NOTES: 

1. Vos adjustment optional not normally recommended. Vos 
pin may be left open or grounded. 

2. All unused input pins should be grounded. 

3. Pin 5 is connected to the case. 
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TYPICAL PERFORMANCE CURVES 



NONLINEARITY VS FREQUENCY 



FEEDTHROUGH VS FREQUENCY 


- 

-Inpi 

n 

Jt Sig 

n 

nal = 

20V, 

r - 

)-p- 










- X-F 

eedth 

a 

rough 

n 

4 

- 

— 

- 

| 1 

^ F ee d throug^ 

t- 

— 

— 

Li— .1 J— ■ 





10 100 Ik 10k 100k 1M 10M 


Frequency i Hz > 


OUTPUT AMPLITUDE VS 



100k 1M 10M 

Frequency (Hz) 



0 1.0 2.0 3.0 4.0 5.0 

Time (/xsec> 


INPUT VOLTAGE FOR 
LINEAR RESPONSE 


- 


Positive Common-mode 


zl 

Differential — | — |““| — 
Neaative Common-mode 










/ 


















2 

— 








3 

r~ 

/ 






■ 

m 

TA 








B 

Wi 

3 

1' 



.. 




J 

■ 

■ 

7a 

U 

■ 

■ 




□ 

- 

fi 

U 

_ 

_ 

_ 



0 2 4 6 8 10 12 14 16 18 20 

Power Supply Voltage (±Vcc 1 


80 

70 

60 

m 

H 50 
DC 

o 40 
30 
20 


COMMON-MODE REJECTION 
VS FREQUENCY 


i 

— 



\ Y = 12V, p-p | 

i 




A - X 

LJ 

1UVU 

LJ 

□ 

r 





X = 1 
Y = ± 

2V, p 
10VD 



■ 

■ 


K 

■ 

■ 






V 

□ 






m 

■ 


■1 

■■ 

■ | 

« 




'10 100 Ik 10k 100k 1M 10M 

Frequency (Hz i 1 


OUTPUT VOLTAGE VS 
OUTPUT CURRENT 



SUPPLY CURRENT VS 



-100-75-50-25 0 25 50, 75 100125150 
Ambient Temperature i°C > 


ABSOLUTE MAXIMUM RATINGS 

Supply 

±20VDC 

Internal Power DissipationU) 

500mW 

Differential Input Voltage(2) 

±40VDC 

Input Voltage Ranged) 

±20VDC 

Storage Temperature Range 

-65° C to +150°C 

Operating Temperature Range 

-55° C to +125°C 

Lead Temperature (soldering, 10 seconds) 

+300° C 

Output Short-circuit Duration^) 

Continuous 

Junction Temperature 

+1 50° C 


NOTES: 

1 . Package must be derated based on: 0jc = 55°C/W and 0ja - 165°C/W. 

2. For supply voltages less than ±20VDC the absolute maximum input voltage is equal to the supply voltage. 

3. Short-circuit m&y be to ground only. Rating applies to +85°C ambient. 
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DEFINITIONS 


TOTAL ERROR (Accuracy) 

Total error is the actual departure of the multiplier 
output voltage from the ideal product of its input 
voltages. It includes the sum of the effects of input and 
output DC offsets, gain error and nonlinearity. 

OUTPUT OFFSET 

Output offset is the output voltage when both inputs Vx 
and Yy are zero volts. 

SCALE FACTOR ERROR 

Scale factor error is the difference between the actual 
scale factor and the ideal scale factor. 

NONLINEARITY 

Nonlinearity is the maximum deviation from a best 
straightline (curve fitting on input-output graph) ex- 
pressed as a percent of peak-to-peak full scale output. 

APPLICATIONS 

MULTIPLICATION 

Figure 1 shows the basic connection for four-quadrant 
multiplication. 

The 42 1 3 meets all of its specifications without trimming. 
Accuracy can, however, be improved by nulling the 
output offset voltage using the lOOkf) optional balance 
potentiometer shown in Figure I. 

AC feedthrough may be reduced to a minimum by 
applying an external voltage to the X or Y input as shown 
in Figure 2. 

Z 2 , the optional summing input, may be used to sum a 



FIGURE 1. Multiplier Connection. 



FIGURE 2. Optional Trimming Configuration. 


FEEDTHROUGH 

Feedthrough is the signal at the output for any value of 
Vx or Vy within the rated range, when the other input is 
zero. 

SMALL SIGNAL BANDWIDTH 

Small signal bandwidth is the frequency at which the 
output is down 3dB from its low frequency value for a 
nominal output amplitude of 10% of full scale. 

1% AMPLITUDE ERROR 

The 1% amplitude error is the frequency the output 
amplitude is in error by 1%, measured with an output 
amplitude of 10% of full scale. 

1% VECTOR ERROR 

The 1% vector error is the frequency at which a phase 
error of 0.01 radians (0.57°) occurs. This is the most 
sensitive measure of dynamic error of a multiplier. 

INFORMATION 

terminal, as well as the X and Y input terminals, should 
be grounded. All inputs should be referenced to power 
supply common. 

Figure 3 shows how to achieve a scale factor larger than 
the nominal 0.1. In this case, the scale factor is unity 
which makes the transfer function 

V 0 — KVxVyi K(Xi -X:)(Y, - Y : ) 

K = [l +(R,/R 2 )]/I0 
O.KK^l 



FIGURE 3. Connection For Unity Scale Factor. 


This circuit has the disadvantage of increasing the output 
offset voltage by a factor of 10 which may require the use 
of the optional balance control for some applications. In 
addition, this connection reduces the small signal 
bandwidth to about 50kHz. 

DIVISION 

Figure 4 shows the basic connection for two-quadrant 
division. This configuration is a multiplier-inverted ana- 
log divider, i.e., a multiplier connected in the feedback 
loop of an operational amplifier. In the case of the 4213 
this operational amplifier is the output amplifier of the 
multiplier itself. 
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V* Denominator 
-10V<(X r X 2 )^-0.2V 


_ 10(Z r Z 2 l 
• (X, -X 2 | 


Xi 

... . 

6 


V, 



7 


‘\rnJi 



uptionai 
Summing Input, 
±10V,FS O- 

i v 2 

1 

h 

1 

10 

5 

9 

2 _jfc\ 

, 

' »„ O ±l0V, 

FS 

*1 

► 


*5200 

| v z 

> 

^Optional 

4k n < 

> 

L 

-15VDcO 

*100kn < 

Numerator 
^+15VDC ±iov. FS 

Nulling 

Components 








FIGURE 4. Divider Connection. 


The divider error with a multiplier-inverted analog 
divider is approximately 

^divider 10 €multiplier/(Xl “ Xi). 

It is obvious from this error equation that divider error 
becomes excessively large for small values of Xi - X2. A 
10-to-l denominator range is usually the practical limit. 
If more accurate division is required over a wide range of 
denominator voltages, an externally generated voltage 
may be applied to the unused X-input (see Optional T rim 
Configuration). To trim, apply a ramp of + 100mV to 
+ 1 V at 100Hz to both Xi and Z\ if X: is used for offset 
adjustment, otherwise reverse the signal polarity, and 
adjust the trim voltage to minimize the variation in the 
output. An alternative to this procedure would be to use 
the Burr-Brown DIV100, a precision log-antilog divider. 


SQUARING 



SQUARE ROOT 

Figure 6 shows the connection for taking the square root 
of the voltage V z . The diode prevents a latching condition 
which could occur if the input momentarily changed 
polarity. This latching condition is not a design flaw in 
the 4213, but occurs when a multiplier is connected in the 
feedback loop of an operational amplifier to perform 
square root functions. 

The load resistance Ri. must be in the range of IOkfi^ Ri 
^ IMG. This resistance must be in the circuit as it 
provides the current necessary to operate the diode. 

The output offset should be nulled for optimum per- 
formance by allowing the input to be its smallest expected 
value and adjusting Ri for the proper output voltage. 



This will improve the square root mode accuracy to 
about that of the multiply mode. 


BRIDGE LINEARIZATION 



The use of the 4213 and the instrumentation amplifier to 
linearize the output from a bridge circuit makes the 
output V 0 independent of the bridge supply voltage. 


TRUE RMS-TO-DC CONVERSION 



FIGURE 8. True RMS-to-DC Conversion. 
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The RMS-to-DC conversion circuit of Figure 8 gives 
greater accuracy and bandwidth but with less dynamic 
range than most rms-to-DC converters. 

PERCENTAGE COMPUTATION 



The circuit of Figure 9 has a sensitivity of lV/% and is 
capable of measuring 10% deviations. Wider deviation 
can be measured by decreasing the ratio of R:/ Ri. 

SINE FUNCTION GENERATOR 



The circuit in Figure 10 uses implicit feedback to 
implement the following sine function approximation: 
Vo = (1,5715V, -0.004317V, 3 )/(l + 0.001398V, 2 ) 

= 10 sin (9V,). 


SINGLE-PHASE POWER MEASUREMENT 



FIGURE 11. Single-Phase Instantaneous and Real 
Power Measurement. 


WIRING PRECAUTIONS 

In order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
1 0>u F tantalum capacitor in parallel with a lOOOpF 
ceramic capacitor from the ,+Vcc and -Vex pins of the 
4213 to the power supply common. The connection of 
these capacitors should be as close to the 4213 as 
practical. 

CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads to 
lOOOpF in all modes typically, except the square root 
mode for which 50pF is a safe upper limit. Higher 
capacitive loads can be driven if a 1000 resistor is 
connected in series with the 4213’s output. 


MORE CIRCUITS 


The theory and procedures for developing virtually any 
function generator or linearization circuit can be found in 
the Burr-Brown/ McGraw Hill book‘ k FUNCTION CIR- 
CUITS - Design and Applications.” 
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MULTIPLIER - DIVIDER 


FEATURES 

• DIFFERENTIAL INPUTS 

• LASER-TRIMMED 

• GUARANTEED ACCURACY 

0.5% and 1% 

• SELF-CONTAINED 

No additional parts required 

• LOW NOISE 

120jiV rms, 10Hz - 10kHz 

• DIP PACKAGES 


APPLICATIONS 

• MULTIPLICATION 

• DIVISION 

• SQUARING 

• SQUARE ROOTING 

• ADAPTIVE CONTROL 

• ALGEBRAIC COMPUTATION 

• POWER COMPUTATION 


DESCRIPTION 

The 4214 family of multipliers are low cost integrated 
circuit multiplier/ dividers designed for general 
purpose usage. In addition to four quadrant 
multiplication, they also perform division and square 
rooting of analog signals. They do not require use of 
additional amplifiers to perform these functions. The 
4214 is laser-trimmed prior to final packaging and is 
guaranteed to its rated accuracy with no external 
components - a distinct advantage from standpoints 
of cost and reliability. 

4214 contains its own zener regulated references and, 


as a result is much less sensitive to supply voltage 
variation than were earlier IC multipliers. The 
multipliers’ output noise is only 120juV rms in a 10Hz 
to 10kHz bandwidth. 

The unit is available in two 14 pin DIP packages. The 
plastic version (“P” package) is offered for minimum 
cost and is specified over the -25°C to +85°C range. 
The hermetic metal package (“M” package option) 
provides operation over the full -55°C to +125°C 
temperature range. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1 11 1 - Cable: BBRC0RP - Telex: 66-6491 
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ELECTRICAL SPECIFICATIONS 

Typical performance at +25°C with rated power supplies unless otherwise noted. 


MOOEL 


OUTPUT FUNCTION 


4214AP/RM 4214BP/SM 


TOTAL ERRORS 


Without Trimming 

1% max 1 0.5% max 

Error vs Temperature (-25“C to +85°C), (AP and BP) 

0.008%/°C typ., 0.02%/ °C m 

(-55°C to +125"C), (RM and SM) 

0.025%/ ”C typ.. 0.05%/ °C m 

Error vs Supply 

0.05%/% 


INDIVIDUAL ERRORS 

Output Offset 

vs Temperature 

vs Supply 
Scale Factor Error 
vs Temperature 
vs Supply 
Nonlinearity 

X(X = 20V p-p, Y = 110VDC) 
Y(Y = 20V p-p, X = ±10VDC) 
Feedthrough at SO Hz 
X = 20V p-p, Y = 0 
Y = 20V p-p, X = 0 
vs Temperature 
vs Supply 


AC PERFORMANCE 

Small Signal ±3dB Flatness 

Small Signal ±1% Flatness 

Small Signal ±1% Vector Error (0.57° Phase Shift) 

Full Power Bandwidth 

Slew Rate 

Settling Time to 1% (20V step) 


INPUT CHARACTERISTICS 

Input Voltage Range 
Rated Operation, min. 

Absolute max 

Input Impedance, X, Y, Z <2) 

Input Bias Current, X, Y, Z 


OUTPUT CHARACTERISTICS 

Rated Output 
Output Impedance 


POWER SUPPLY REQUIREMENTS 

Rated Voltage 
Operating Range 
Quiescent Current 


TEMPERATURE RANGE 

Rated Performance (specification) 

Operation 

Storage 


AP and BP 
RM and SM 


lOmV typ 7mV typ 

50mV max 25mV max 

0.7mV/°C typ 0.3mV/°C typ 

2mV/°C max 0.7mV/°C max 

0.25mV/% 

0 . 12 % 

0.008%/ °C 
0.05%/% 


30mV p-p 
6mV p-p 
0.1 mV p-p/°C 
0. 15mV p-p/% 



OUTPUT NOISE (X = Y = 0) 

10 Hz to 10 kHz 

120/iV 

10 Hz to 10 MHz 

700mV 




±10V at ±5mA min 
1.5ft 


±I5V 

±8.5VDC to 120VDC 
±5.5mA 


-25"C to +85°C 
-55°C to +125°C 
-55°C to +I25°C 
-65°C to +I50°C 


MECHANICAL 


4214AP, 4214BP 
Weight: 2.9 grams (0.10 oz.) 


kC 

4.6mm '' * 


Dot over Pin 1 
20.3mm 
— roam - 


lm 12.7mm (0.225" 



4214RM, 42I4SM 

Weight: 3.9 grams (0.13 oz.) 


| 22.0mm 


t 12.6mm 

-^| (0.2 1") 

(0.87*) 



1 


1 

1 11 


linn 



0.46mm - H |-» 
(0.0181 


Connector: 0145MC (14-pin DIP) 

Pin material and plating composition 
conform to method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2) 


CONNECTION 

DIAGRAM 



Output 


^ W _L 

T V os 

“W v ■ — i > No internal 

100kfl +V connections on 
S Pins 4. 5, 6 and 8 


1. Total error is the maximum allowed value of the sum of the individual errors. 

2. Z 2 input impedance is 10 Mft typ with Pin 11 open circuit. If Pin 11 is grounded or used 
for optional offset adjustment the Z 2 input impedance may become as low as 25kft. 


.wvv 


NOTE: V QS adjustment optional, not normally recommended. 
Pin 1 1 may be left open or grounded. 
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Saturated Output Voltage (V) Input R ang e (V) CMR(dB) 


TYPICAL PERFORMANCE CURVES 


| 

Zj 1 

m 

Si 


m 




10 100 lk 10k 100k 1M 

0 1.0 2.0 3.0 4.0 

5.0 

100k 1M 10M 

Common-mode input Frequency (Hz) 

Time (/us) 


Frequency (Hz) 

FIGURE 1. Common-mode Rejection vs. 

FIGURE 2. Step Response. 


FIGURE 3. Small-signal Frequency 

Frequency. 



Response. 



Input Signal=20Vp-p 





2 4 6 8 10 12 14 16 18 20 

Power Supply Voltage (V) 
FIGURE 4. Input Range for Linear 
Response. 


10 100 lk 10k 100k 1M 

Frequency (Hz) 

FIGURE 5. Nonlinearity vs. Frequency. 


10 100 lk 10k 100k 1M 10M 

Input Frequency (Hz) 

FIGURE 6. Feedthrough vs. Frequency. 


■ 




8 10 12 14 16 

Output Current (mA) 

FIGURE 7. Max. Output Voltage vs. 
Output Current. 



-75-50-2S 0 25 5075100 t25 
Ambient Temperature (°C) 
FIGURE 8. Total Error vs. Ambient 
Temperature. 


75 -50-25 0 25 50 75100125 
Ambient Temperature (°C) 

FIGURE 9. Supply Current vs. Ambient 
Temperature. 



FIGURE 10. Simplified Equivalent Circuit. 


OPERATING MODES MULTIPLICATION 

The 4214 is a general purpose multiplier/ divider with 
three sets of differential inputs viz. X, Y, and Z. Its open- 
loop transfer function is 

.r(X 1 -X 2 )(Y 1 -Y 2 ) ; 

e o = A [_ (Zi-Z 2 ) 

where, A is the open-loop gain of the internal output 
amplifier (see the simplified equivalent circuit, Figure 10). 
Due to very high gain (A — °°) of the output amplifier the 
feedback from the output to any of the inputs will 
establish the relationship 

Z, - Z 2 = (X, - X 2 ) (Y, - Y 2 )/ 10 
Taking output at Zi the multiplication mode transfer 
function is obtained and is expressed as 
(X!-X 2 )(Yi-Y 2 ) 
e o 10 Z 2- 

This connection of 4214 is shown on the previous page. 
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DIVISION 

The 4214 may be used as a two quadrant divider, without 
the need for an external op amp. Note that the maximum 
output error in the divide mode is given approximately by, 
10 Gm 

Divider error as , where Gm is 

X 1 “ x 2 

the total error specified for the multiply mode. The 
divider error, as shown above, becomes excessively large 
for small values of (Xi - X 2 ). A 10: 1 denominator range is 
usually the practical limit. This is true for all such units, 
where a multiplier is used in voltage feedback mode to 
generate “divide” function. 

If more accurate division is required over wide range of 
denominator voltages, the Burr-Brown model DIV100 is 
recommended (0.25% max error over 40:1 range). 

For optimum performance, the Z offset should be nulled 
by letting the input be zero and adjusting Ri for zero 
output. This offset adjustment will improve the divider 
error to about 1 for (Xi - X 2 ) much less than 10V. 
(Xi-X 2 ) 



FIGURE 11. Divide Mode Connections - 4214. 

SQUARE ROOT 


By applying feedback from the output to both the X and 
Y inputs, the square root function can be obtained. The 
errors in the square root mode become large for small 
values of Z input. The actual output is approximately 

Square root output e 0 =^10 (Zj - Z2) + 10 Em 
where Em is the total error for the multiply mode. 
Burr-Brown’s multifunction converter model 4302 is 
recommended for applications requiring more accuracy 
over wider dynamic range. 

The output offset should be nulled for optimum 
performance by allowing the input to be its smallest 
expected value and adjusting Ri for the proper output 
voltage. 



FIGURE 12. Square Root Mode Connections - 4214. 

SINE FUNCTION GENERATOR 

Two 4214’s can be connected with implicit feedback as 
shown in Figure 13 to implement the following sine 
function approximation. 

1.5715 e;- 0.004317 e f 3 
e 0 '■ — = 10 Sin 9 ej 

1 + 0.001398 ej 2 

The theory and procedures for developing virtually any 
function generator or linearization circuit can be found in 
the new Burr-Brown/ McGraw Hill book “FUNCTION 
CIRCUIT - Design and Applications.” 



FIGURE 13. Sine Function Connections - 4214. 
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Low Cost 

MULTIFUNCTION CONVERTER 


FEATURES 

• LOW COST 

•SMALL PACKAGE - Dual-in-line 
•HERMETIC. SHIELDED PACKAGE 
•UNIVERSAL CONVERTER 


FUNCTIONS 

ACCURACY 

MULTIPLY 

±0.25% 

DIVIDE 

±0.25% 

SQUARE 

±0.03% 

SQUARE ROOT 

±0.07% 

EXPONENTIATE 

±0.15% (m = 5) 

ROOTS 

±0.2% (m = 0.2) 

SINE 6 

±0.5% 

COSINE d 

±0.8% 

TAN ' (Y/X) 

±0.6% 

VX 2 + Y 2 

±0.07% 


DESCRIPTION 

Burr-Brown’s multifunction converter model 4301 is 
a low-cost solution to many analog conversion 
needs. Much more than just another multiplier/ 
divider, the 4301 out performs many analog circuit 
functions with a very-high degree of accuracy at a 
very-low total cost to the user. 



International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 







SPECIFICATIONS 

ELECTRICAL 

Typical at+25°C and with rated supply unless otherwise noted. 


MODEL 

4301 

TRANSFER FUNCTION 

E 0 = Vy I Vz/Vx im 

RATED OUTPUT 

Voltage 

Current 

+10.0V 

5mA 

INPUT 

Signal Range 

Absolute Maximum 
Impedance i X/Y/Z ) 

0 < (Vx, V Y . Vzi < +10V 
(Vx. Vy. Vzi < ±18V 
100kfl/90kn/100kn 

EXPONENT RANGEO) 

Roots <0.2 < m < 1 ) 

Powers (1 < m < 5) 

Powers ( m = 1 ) 

m = |R 2 /( Ri + R 21 1 
m = |(Ri + R 2 1 /R 2 I 

Ri = Oil, R 2 not used 

POWER REQUIREMENTS 

Rated Supply 

Range 

Quiescent Current 

±1 5VDC 

±12VDC to ±18VDC 
±10mA 

TEMPERATURE RANGE 

Operating 

Storage 

-25°C to +85°C 
-25°C to +85°C 


NOTE: 1. Refer to Figure 1. 


General specifications for the Model 430 1 Multifunction 
Converter are shown above; Figure 1 is a functional 
diagram. These specifications characterize the 4301 as a 
versatile three input multifunction converter. 
Applications information to help you apply the 4301 to 
your particular need is shown in the product data sheet 
for model 4302. The dedicated circuit configurations 
needed to produce the multiplication, division, ex- 
ponentiation, square rooting, squaring, sine, cosine, 
arctangent, and vector algebraic functions are shown 
along with information for model 4302. 


MECHANICAL 






EQ3I 

02231 

QQQQ 


Qi 

E^HI 

EHIH 



EH 

E5H 

EQH 



SHI 

KEZH 

BH!H 


m 

JEM 

BOB 

EESH 



Q| 


HSEE33H 

ESI 


IB 


T!1 

Q| 


ES!H 

TW 


QQ| 

E332SEHB 


EH 

E3HKEH 



CASE: Kovar or equiv. 

WEIGHT: 0.15 oz. (3.4 gramsi 
CONNECTOR: 14-pin DIP connector 
Burr-Brown Model No. 0145MC) 

Pin material and plating composition conform to 
method 2003 isolderability) of MIL-STD-883 (except 
paragraph 3.2). 


PIN CONNECTIONS 


+15VDC 

O 14 

1 O 

X INPUT 

Y INPUT 

O 

O 

OUTPUT 

me 

O 

O 

-15VDC 

mB 

0 

O 


COMMON 

0 

O 

X OFFSET 


0 

O 

nriA 

Z OFFSET 

O 8 

7 O 

Z INPUT 






(BOTTOM VIEW) 
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Low Cost 

MULTIFUNCTION CONVERTER 


FEATURES 

• LOW COST 

• SMALL PACKAGE - Dual-in-line 

• RELIABLE HYBRID CONSTRUCTION 

• VERSATILE 


FUNCTIONS 


ACCURACY 




SQUARE ROOT 

EXPONENTIATE 

ROOTS 

SINE d 

COSINE e 

TAN - 1 (Y/X) 

±0.07% 

±0.15% (m = 5) 
±0.2% (m = .2) 
±0.5% 

±0.8% 

±0.6% 


JWTv 

±0.07% 



Typical accuracies expressed as a % of output full scale (+10VDC) at 25 1> C. 

DESCRIPTION 

Burr-Brown’s multifunction converter model 4302 is 
a low cost solution to many analog conversion needs. 
Much more than just another multiplier/ divider, the 
4302 out performs many analog circuit functions 
with a very high degree of accuracy at a very low total 
cost to the user. 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 

Performance typical at 2 5°C and with rated supply unless otherwise noted. 


ELECTRICAL 

MODEL 

4302 

TRANSFER FUNCTION 

r v-7 w 

Eo = V Y (-Z) 

V)( 

RATED OUTPUT 

Voltage 

Current 

INPUT 

+ 10.0V 

5 mA 

Signal Range 

Absolute Maximum 

Impedance (X/Y/Z) 

0^(V X ,V Y ,V Z )«= + 10V 
(Vx,V Y ,V Z )«±18V 

100 kn/90 kft/lOOktt 

EXPONENT RANGE 

Roots (0.2 < m < 1 ) 

Powers (1 < m < 5) 

(m= 1) 

m - ^ Refer to 

Rj + R 2 Functional 

_ Rj + R 2 Diagram 

m r 2 below 

Rj = 0 £2, R 2 not used 

POWER REQUIREMENTS 

Rated Supply 

Range 

Quiescent Current 

±15 VDC 
±12 to ±18 VDC 
±10 mA 

TEMPERATURE RANGE 

Operating 

Storage 

-25°C to +85°C 
-550C to +125°C 


MECHANICAL 



Row Spacing: 7.6mm (0.300") 
Weight: 3.4 grams (0.12 oz.) 
Connector: 14-pin DIP 
0145MC 

Pin material and plating composition 
conform to Method 208 (solderability ) 
of Mil-Std-202. 


PIN CONNECTIONS 



+ 15 VDC 
Y Input 

m C 
m B 
Common 
Make No Conn. 

Z Offset Adj. 


X Input 
Output 
-15 VDC 
Make No Conn. 
X Offset Adj. 
m A 

Z Input 


414 

14 

413 

24 

412 

34 

-<>11 

44 

410 

54 

49 

64 

08 , 

74 


(BOTTOM VIEW) 


General specifications for the Model 
4302 Multifunction Converter are pre- 
sented on this page. These specifica- 
tions characterize the 4302 as a versatile 
three input multifunction converter. 

The following pages are applications 
oriented to help you apply the 4302 
to your particular circuit function need. 
These pages contain dedicated circuit 
configurations in order to produce the 
functions of: multiplication, division, 
exponentiation, square rooting, squar- 
ing, sine, cosine, arctangent, and vector 
algebra. 

It is the purpose of this product data 
sheet to enable you to apply the 4302 
to your analog conversion needs quickly 
and efficiently. 


4302 FUNCTIONAL DIAGRAM 



ROOTS POWERS 



Many of the following circuit configurations using the 4302 re- 
quire a reference voltage for scaling purposes. The reference 
voltage is shown to be +15 VDC (+15 VDC REF.) since in 
most cases the +15 VDC power source for the 4302 has suf- 
ficient time and temperature related stability to achieve the 
specified typical accuracies. 


If the particular supplies which are available for powering the 
4302 do not have the necessary stability for the required con- 
version accuracy, an additional + 1 5 VDC precision supply may 
be required. 
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MULTIPLIER/DIVIDER FUNCTIONS 


MULTIPLIER 

In multiplier applications the 4302 provides high accuracy 
at a low cost. The 4302 accepts inputs up to + 10 VDC and 
provides a typical accuracy of ±0.25% of full scale. 



(1) Set Rj so that with E { = E 2 = +10.00 VDC, E c = +10.00 VDC. 


Transfer Function 

e. = + !i±i 

10 

ACCURACY 

Total Errors 

Typical at +25°C 

Maximum at +25°C 

(for input range) 

vs. Temperature 

Offset Errors (Ej = E^ = 0) 
Output Offset (at 25°C) 
vs. Temperature 

±25 mV 
±50 mV * 

| 0.03V < Ej < 10 V 

\ o.oi v<e 2 < 10 V 
±1 mV/°C 

±10 mV 
±0.2 mV/°C 

NOISE (10 Hz to 1 kHz) 

100 juV rms 

BANDWIDTH (Ej,E 2 ) 

Small Signal ( -3 dB) 

Full Output 

500 kHz 

60 kHz 


DIVIDER— 

As a divider, the 4302 outperforms many of the multiplier/ 
dividers on the market at a much lower cost. In the divider 
configuration the 4302 boasts a typical conversion accuracy 
of ±0.25% of full scale. 


Transfer Function 

E 0 - +10 (Ej/E 3 ) 

ACCURACY 

Total Errors 


Typical at +2 5°C 

±25 mV 

Maximum at +25°C 

±50 mV * 

(for Ej < E 3 and input range) 

j 0.03V < Ej < 10 V 
t 0.1 v<e 3 < 10 V 

vs. Temperature 

±1 mV/°C 

Offset Errors (Ej - 0, E 3 = +10 V) 


Output Offset (at 25°C) 

±10 mV 

vs. Temperature 

±1 mV/°C 

NOISE (10 Hz to 1 kHz) 


e 3 = +10 V 

100 /jV rms 

e 3 = +o.i v 

300 /jV rms 

BANDWIDTH (Ej, E 3 ) 


Small Signal (-3 dB) 

500 kHz 

Full Output 


(E 3 = +10 V) 

60 kHz 


* 

The input voltage may be extended below 0.03V by connecting a 0.047 
causing a slight reduction in bandwidth. (Multiply and Divide Modes). 



NOTES: 

(1) Set Rj so that with Ej = E 3 = +10.00 VDC, E Q = +10.00 VDC. 

(2) Set R2 so that with Ej = E 3 = +0.10 VDC, E Q = +10.00 VDC. 

(3) Set R 3 so that with Ej = +0.01 VDC and with E 3 = +0.10 VDC, 
E 0 = +1.00 VDC. 

(4) Repeat steps 1 through 3 as necessary to achieve the specified 
output voltages. 

capacitor between pins 11 and 5, 


EXPONENTIAL FUNCTIONS 


Model 4302 may be used as exponentiator over a range of 
exponents from 0.2 to 5. The exponents 0.5 and 2, square 
rooting and squaring respectively, are often used functions 
and are treated below. Other values of exponents (m) may 
be useful in terms of linearization of nonlinear functions or 
simply for producing the mathematical conversions. Charac- 
teristics of m = 0.2 and m = 5 are presented on the right. For 
other values of m the curves presented in Figure 3 may be 
used to interpolate the error for a nonspecified value of m. 


Transfer Function 


Total Conversion Error (typical) 
m = 0.2 


0.5 VDC < Ej < 10 VDC 

±2 m VDC 

0.1 VDC < E, < 0.5 VDC 

±25 m VDC 

m = 5 


1.0 VDC <Ej < 10 VDC 

±15 m VDC 

Exponent Range (continuous) 

0.2 < m< 5 

Input Voltage Range 

0 to +10 VDC 

Output Voltage Range 

0 to +10 VDC 
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Exponentiator Transfer Characteristics 

NOTES: 

(1) Connect a 100 fi potentiometer as shown in Figure 4 for either 
roots (0.2 < m < 1) or powers (1 < m < 5). 

(2) Set Rj so that with E x = +10.00 VDC, E Q = +10.00 VDC. 

(3) Select a + DC voltage level (Ej) such that the output voltage 
(E 0 ), as acted upon by the desired exponent, will not exceed 
+ 10.00 VDC. A level which is mid-range for input values of 
interest is ah appropriate one to use. Set R2 so that the out- 
put voltage (E 0 ) is the value expected for the chosen values of 
input (Ei) and exponent (m). 


SQUARE ROOT 


As a Square Rooter (m = 0.5), the 4302 provides a typical 
total conversion accuracy of ±0.07%. Refer to Figure 5 and 
notes for connections and adjustments respectively. 


Transfer Function 

E ° = ^ 

Total Conversion Error (Typical) 
0.5 VDC < Ej < 10 VDC 

0.02 VDC < Ej < 0.5 VDC 

Input Voltage Range 

Output Voltage Range 

±7 mV 
±55 mV 

Oto +10 VDC 

0to+10 VDC 


NOTES: 

(1) Connect pins 12, 11, and 6 together. Set Rj such that with 
Ej = +10.00 VDC; E 0 = +10.00 VDC. 

(2) Connect 100 ft resistors as shown in Figure 5. 

(3) For greater conversion accuracy, R 2 & R3 may be replaced by 
a potentiometer as shown in Figure 4. 

SQUARE 

Configured as a Square Function Converter (m = 2), the 
4302 produces high conversion accuracies of typically 0.03%. 
Please refer to Figure 6 and accompanying notes. 


Transfer Function 

n 

0 

11 

0 

w 

Total Conversion Error (typical) 

0.1 VDC < Ej < 10 VDC 

Input Voltage Range 

Output Voltage Range 

±3 mV 

Oto +10 VDC 

0 to +10 VDC 


NOTES: 

(1) Set Rj such that with Ej = +10.00 VDC, E Q = +10.00 VDC. 

(2) Connect 100 J2 resistors as shown in Figure 6. 

(3) For greater conversion accuracy R 2 & R3 may be replaced by 
a potentiometer as shown in Figure 4. 


(4) Repeat steps (2) through (4) as necessary. 

* When taking roots of smaller input levels, a modified transfer 
equation (E 0 = (10Ei) m ) will provide improved conversion 
accuracy. To achieve this transfer function: 1) apply a +1.5 VDC 
REF in place of the +15 VDC REF shown in Figure 4., 2) make 
R3 a 1.40 M£2 resistor, and rearrange Rj and R3 as 1.5VDC REF 
and 3) follow all notes except in note (2) apply +0.10VDC to pin 
7 to set Rj to E q = +1.00VDC. 



t_LL JJJ 

100 n | | too o 
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TRIGONOMETRIC FUNCTIONS 
SINE 

Sine functions can be accurately generated from input volt- 
age levels representing angular displacement from 0 to 90°. 

Model 4302 configured as in Figure 7 will produce the sine 
power series approximations with modified coefficients to 
typically better than ±0.5% of full scale. In this circuit, the 
4302 is scaled so that when 6 = 0, E 0 = 0 VDC, and when 
6 = 90, E p = IQ VDC. 

NOTES: 

(1) Adjust R 4 if needed so that Ej < 1 m VDC when Eg = 0. 

(2) Adjust R -2 so that Ej = +0.8045 VDC when Eg = +5.00 VDC. 

(3) Adjust R 3 so that Ej = +5.709 VDC when Eg = +10.00 VDC. 

(4) Repeat steps (2) and (3) as necessary. 


Transfer Function 

E 0 = 10 Sin 9Eg 

Power Series Approximation 

/ E„Y-827 

E q = 1.5708E, -1.5924 

Total Conversion Error (typical) 

Input Voltage Range (0 < 0 < 90°) 
Output Voltage Range (0 <siri d < 1) 

±50 mV 

0 to +10 VDC 

0 to +10 VDC 



COSINE 

Connected as in Figure 2, the Model 4302 will generate a 
cosine function of the input voltage. Typical accuracies of 
±0.8% can be expected from this configuration. 

NOTES: 

(1) Adjust Rj so that E 0 = +10.00 VDC when Eg = 0. 

(2) Adjust R 2 so that E 0 = 0 when Eg = +10.00 VDC. 


Transfer Function j 

E 0 = 10 cos 9Eg 

Power Series Approximation 

E 0 = 10 + 0.3652 E e -0.4276E 1 * 504 

Total Conversion Error (typical) 

Input Voltage Range (0 < d < 90°) 
Output Voltage Range (1 < cos 0 < 0) 

±80 mV 

0 VDC to +10 VDC 

+ 10 VDC to 0 VDC 
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ARCTANGENT 

Model 4302 and the associated circuitry shown below will 
produce the inverse tangent of a ratio. This application is 
particularly well suited to conversion from rectangular 
coordinates to polar coordinates where 

■ h. 

E fl =tan_1 E x 

The accuracy of conversion depends upon the levels of the 
input signals. Please refer to table at right. 

NOTE: 

(1) Set Rj so that with Ej = E 2 = +10.00 VDC, E 0 = +4.500 VDC 
±1 mVDC. 


Transfer Function 

f; o = tan VieTT J 

Power Series Approximation 

/lEjV 2125 

E - v>W (9#0) 

£. 0 1 “ pU ) 

/|E,| V-2125 

1 + (je 2 iJ 

Total Conversion Error 

2 < Ej, E 2 < 10 VDC 

0.1 < Ej, E 2 < 2 VDC 

0.03 <E!,E 2 <0.1 VDC 

Input Voltage Range (Ej, E 2 ) 

Output Voltage Range 0 < E^ < 90° 

±55 m VDC 
±65 m VDC 
±340 m VDC 
+0.01 VDC to +10 VDC 

0 VDC to +9 VDC 



VECTOR MAGNITUDE FUNCTION 



The model 4302 will produce the square root of the sum of 
the squares of two inputs. This function is companion to the 
arctangent of a ratio for the conversion of rectangular to 
polar coordinates. 


NOTES: 

1. Figure 10 shows one practical w ay to im- 
plement the transfer function E 0 =\/e7+e 7 
using 4302. It shows use of model 3501 A op 
amp. Model 3501’s rated output is ±10V. 
This limits the range of Ei and E 2 , such that 
the conditions Ei <V 100 - E 2 and 

| E 2 1 < (5 - E , 2 /20) and 

\J Ei 2 + E 2 2 ^ 10 are always satisfied. 

(a) The above conditions imply, 

OV ^ E, < 10V and -5V ^ E 2 < 5V. 

(b) The above conditions also imply that for 
applications where Ei =| E 2 | the range would 
be limited to 4.142V max. 

2. Use of model 3627 as shown in Figure 1 1 
would directly substitute the eight lOkO re- 
sistors and the two model 3501 A op amps. 
This would reduce the number of 
components needed to implement vector 
magnitude function and reduce overall cost. 


Transfer Function 

E 0 = VEi 2 + E 2 2 

Input Voltage Range Ej 

0 to +10VDC 

e 2 

-10VDC to +10VDC 

(refer to notes 1 and 2) 


Output Voltage Range 

0 to +10VDC 

Conversion Error 

±7m VDC 
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BURR -BROWN® 


TRUE RMS-TO-DC CONVERTER 


FEATURES 

• LOW COST 

• HIGH ACCURACY 

±0.3mV ±0.1% Rdg. 

• HIGH INPUT IMPEDANCE - 5kn 

• HERMETIC METAL PACKAGE 

DESCRIPTION 

The Burr-Brown Model 4340 is a True RMS-to-DC 
Converter featuring high performance, low cost, and 
a small hermetic package. The 4340 will compute the 
True RMS value of a variety of signals applied to the 
input. The input signal may consist of complex AC 
waveforms as well as a DC voltage level. The output 
of the 4340 is a DC voltage, the amplitude of which is 
equal to the RMS value of the input voltage. 

The 4340 will accept input voltages from 0 to ±10V 
over a wide input frequency range. The conversion 
accuracy of the 4340 is specified in terms of error in 
millivolts (mV) plus a percent of reading, as a 
function of input signal level over an input frequency 
range. 

The 4340 has an input impedance of 5kO and an 
output impedance of 1 0. This product will supply up 
to 5mA of output current at a voltage of +I0VDC. 

The input is fully protected for conditions of 
overvoltage up to the supply voltage. The output will 
withstand short-circuit to power supply common for 
an indefinte period of time. 

The specified unadjusted performance 
characteristics of the 4340 are shown in the 
ELECTRICAL SPECIFICATIONS. Provision for 
the external adjustment of: gain, voltage offset, DC 
reversal error, and frequency response performance 
allow the user to improve upon the specified 
conversion accuracies to the degree required by the 
user’s application. 

International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL | 

| (typical at 2 5°C with rated power supplies unless otherwise noted). 

MODEL 

4340 

TRANSFER FUNCTION 

E 0 (d.c.) = J E IN 2 

INPUT 


Peak Voltage 

±10 Vdc 

Absolute Maximum Voltage 

± Supply 

Impedance 

5 kft 

OUTPUT 


Voltage 

0 to + 10 Vdc 

Current (min) 

+ 5 mA 

Impedance 

i n 

CONVERSION ACCURACY 


Total Unadjusted Error (max) 


Input: 10 mV rms to 7.0 rms 

±2 mV ±0.2% Reading 

100 Hz to 10 kHz sine wave* 


Total Adjusted Error** 


Input: 10 mV rms to 7 V rms 

±0.3 mV ±0.1% Reading 

50 Hz to 20 kHz* 


STABILITY 


Accuracy vs Temperature 

±0.001% of FS plus 


±0.01% of reading per °C 

Accuracy vs Supply 

±0.001% of FS plus 


±0.01% of reading per %AV 

TEMPERATURE RANGE 


Operating 

-25°C to +85°C 

Storage 

-55°C to +125°C 

POWER REQUIREMENTS 


Rated Voltage 

±15 Vdc 

Voltage Range 

±14 Vdc to ±16 Vdc 

^ Quiescent Current 

±12 mA 


* Model 4340 will convert d.c. inputs. Lower frequency a.c. input signals will require the 
addition of external capacitors to preserve the accuracy. 

** Performance with external trims and Cl > 3 hF and 20 pF < Cpj < 100 pF. 



FIGURE 1 . Functional Block Diagram of Model 4340. 


r 


■\ 


MECHANICAL 


0.85" 


* (21.6) * 
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0.50" 
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4 
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(TOP VIEW) 


Dimensions in millimeters are shown in 
parentheses. 



Row Spacing: 0.30" (7.6) 


V 


Pin material and plating composition meet 
Method 2003 (solderability) of Mil-Std-883 
[except for paragraph 3.2.] 


N 

PIN 

CONNECTIONS 



Reversal 

Adjustment 

(BOTTOM VIEW) 
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INSTALLATION AND OPERATING INSTRUCTIONS 



FIGURE 2. Model 4340 RMS Converter - Connected to produce specified unadjusted accuracy. 


OPTIONAL EXTERNAL ADJUSTMENTS 

Although the unadjusted performance of the 4340 is quite high for most applications, 
optimized performance can be achieved with external adjustments. The following para- 
graphs and figures will demonstrate the techniques for external adjustments of gain, voltage 
offset, d.c. reversal error, and frequency response. The unity gain adjustment should be 
made first, then the offset voltage adjustment. The unity gain adjustment should then be 
repeated for best results. 


UNITY GAIN 


OFFSET VOLTAGE 



FIGURE 3. Unity Gain Adjustment - Apply +5 V rms Sine 
Wave to Input. Adjust Rj for +5 Vdc at Output. 


FIGURE 4. Offset Voltage Adjustment - Adjust R 2 for 
LOmVdc at Output. 
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FREQUENCY RESPONSE 

The conversion accuracy of the 4340 
over a broad range of input frequencies 
can be enhanced by the addition of one 
or more externally connected capaci- 
tors. Refering to Figure 5, Cj-j will 
improve the high frequency perfor- 
mance and Cl will extend the low 
frequency response. 

HIGH FREQUENCY 
RESPONSE COMPENSATION 

The upper limit of frequency response 
of the 4340 may be extended to meet 
the adjusted conversion accuracy speci- 
fication by the proper selection of C^[. 

Sweep a 1.0 V rms signal from 10 kHz 
to 20 kHz, measure the output voltage 
change from 1.0 Vdc. Select a value 
for Cjj that minimizes the change in 
output voltage over 10 kHz to 20 kHz 
frequency range. 

* Cjj may be selected from 22 pF, 
33 pF, 47 pF, or 100 pF. 



FIGURE 5. Frequency Response Adjustments - Cjq* = 22 pF to 100 pF 
and Cl > 3.0 mF for “adjusted” frequency response range. 

LOW FREQUENCY RESPONSE EXTENSION 


In the 4340, a single-pole, low pass filter provides the averaging function. The 
time constant of this filter (To) is selected to be 0.005 seconds. Larger time 
constants should be selected in order to achieve the Conversion Accuracy at 
frequencies lower than 100 Hz. 

The external capacitor can be 100’s of microfarads, but the shunt resistance of 
the capacitor must be very large in order to maintain gain accuracy. The best 
value of Cl is inherently a compromise - the larger the capacitor the lower 
the ripple, but the response time is increased. Calculating the proper Cl for 
a given waveform can be done, but is tedious. The fastest method of choosing 
Cl is to apply a representative input signal, and observe the ripple at the out- 
put. Select various values of Cl until the ripple is attenuated sufficiently. The 
amount of allowable output ripple depends upon the application. For ex- 
ample, if the output is being read by an integrating DVM, then output ripple 
won’t be critical. 


ADDITIONAL ADJUSTMENTS 


NON-UNITY GAIN 

The 4340 maybe adjusted to achieve a non-unity gain trans- 


fer function: E 0 = A V Ejj^ f or 1 < A < 10. Figure 6 il- 
lustrates the technique to achieve this gain change. 



FIGURE 6 . Non-Unity Gain Adjustment - Set desired gain 
by selecting R 3 such that R 3 = (A^- l)x 10k£2. 
Apply appropriate mid-scale d.c. level to Input 
and adjust R 4 for output equal to A x Vj nput 
(Vdc). 

NOTE: Some minor interaction may be experienced between tjie various 


D.C. REVERSAL ERROR 

When the 4340 is utilized with D.C. inputs and a high degree 
of conversion accuracy is required, a correction for d.c. re- 
versal error may be required. Figure 7 illustrates the method 
to accomplish this adjustment. 



FIGURE 7. D.C. Reversal Error Adjustment — Alternately 
switch the input between +5.000 Vdc and 
-5.000 Vdc, adjust R 5 so that the output error 
voltage from +5.000 Vdc is the same for both 
input polarities. 

itments requiring repeating of these adjustments for lowest total error. 
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Low Cost 

TRUE RMS-TO-DC CONVERTER 


FEATURES 

• LOW COST 

• HIGH ACCURACY 

±0.2% ±2mV 

• HIGH RELIABILITY 

Hybrid construction 


DESCRIPTION 

The Burr-Brown! Model 4341 RMS-to-DC 
Converter features low cost without sacrificing 
performance. The 4341 computes a DC voltage 
proportional to the true rms value of signals which 
may be complex waveforms, DC levels, or a 
combination of both. 

The input and output are fully protected against 
overvoltages and short circuits. Provisions for the 
external adjustment of gain, offset voltage, DC- 
reversal error, and frequency response make the 4341 
versatile enough to fill the majority of your 
applications. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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FIGURE 1. Simplified Schematic. 


THEORY OF OPERATION 


The true RMS value of a time-varying signal E (t) over a time 
period T is 

ErMS=v/t si [E(t)]2 dt 

The required operations are squaring, averaging and square 
rooting. A simplified schematic diagram of the 4341 is shown 
in Figure 1. The A1 circuit produces a current ij which is 
proportional to the rectified input voltage. The A2 circuit 
is a logarithmic amplifier which produces a voltage propor- 
tional to 2 log Ej n or log Ej n ^. The logarithmic gain of the 
A2 circuit is derived from the inherent exponential charac- 
teristics of transistor junctions. By using proprietary mono- 
lithic components, the circuit provides an accurate log func- 
tion over many decades which is relatively insensitive to 
temperature variations. Amplifier A4 uses the same tech- 
niques as A2 to generate log E out . 


Transistor Q1 produces a collector current 12 proportional 
to the antilog of its base-emitter voltage, such that 

>2 a log" 1 (log E in 2 - log E out ) 

= iog- ! (log j = Ein: 

E out E out 

The A3 circuit which contains the external capacitor takes 
the time average of the 12 signal and produces E out which is 
directly proportional to the RMS value of Ei n . 

Figures 2 and 3 show the effects of the external filter capac- 
itor on ripple magnitude and response time. As the frequency 
of the input approaches DC, the 4341 begins to act like a full 
wave rectifier such that the output is the absolute value of 
the input. While the 4341 will accurately convert dc input 
voltages, the averaging capacitor must be made very large to 
minimize ripple at low frequencies. 
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SPECIFICATIONS 


(Typical at 25°C with rated supply voltages, unless otherwise noted.) 


ELECTRICAL 


MODEL 

4341 

TRANSFER FUNCTION 


INPUT 


Peak Operating Voltage 

±10V 

Absolute Maximum Voltage 

±Supply 

Impedance 

5 kft 

OUTPUT 


Voltage 

Oto+lOV 

Current 

+5mA, min 

Resistance 

1 ft, max 

BANDWIDTH 


± 1% of Theoretical Output 

80 kHz 

-3 dB 

450 kHz 

CONVERSION ACCURACY* 2 ) 

Input: 500 mV RMS to 5.0 V RMS 

±0.5% of Reading, maxO) 

DC to 10 kHz Sine Wave 

Input: 10 mV RMS to 7 V RMS 


DC to 20 kHz 

±2 mV ±0.2% Reading 

STABILITY 


Accuracy vs. Temperature 

±0.1 mV ±0.01% of Reading/°C 

Accuracy vs. Supply Voltage 

±0.1 mV ±0.01% of Reading/% of 
Supply Voltage Change 

TEMPERATURE RANGE 


Operating 

-2 5°C to +85°C 

Storage 

-55°C to +125°C 

POWER REQUIREMENTS 


Rated Voltage 

±15 VDC 

Voltage Range 

±14 VDC to ±16 VDC 

Quiescent Current 

±12 mA, typ./±24 mA, max 


MECHANICAL 



Row Spacing: 7.6mm (0.300") 
Weight: 3.4 grams (0.12 oz.) 
Connector: 14-Pin DIP 
0145MC 


Pin material and plating composition 
conform to Method 208 (solderability) 
of Mil-Std-202. 


(1) After standard trim procedure (see below). 

(2) Model 4341 will convert DC inputs. Lower frequency AC inputs 
require a large value of averaging capacitor to minimize ripple at 
output. (See Figure 2) 

STANDARD TRIM PROCEDURE 


If the 4341 is used to measure sine waves or 

1. Set Ej n = 5.000 V RMS ±0.02% and adjust R1 such 

distorted sine waves, only two trims are needed 

that E 0 = 5.000 VDC ±2 mV. 

to achieve an accuracy of ±0.5% of reading from 

2. Set Ej n = 500 mV' RMS ±0.02% and adjust R2 such 

500 mV RMS to 5 V RMS up to 10 kHz. 

that E 0 = 500 mVDC ±0.2 mV. 

Refer to Figure 1. 

3. Repeat Step 1. 
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CHOOSING THE AVERAGING CAPACITOR 


A single-pole low-pass RC filter provides the averaging 
function. The time constant is 1/2 RC where R is lOkH 
when the 4341 is adjusted for unity gain. To select the best 
value of C, make a tradeoff between output ripple and 
response time. Figure 2 shows the ripple magnitude vs. 
frequency for several typical values of capacitor. 
Response time vs. capacitor value is shown in Figure 3. 
(Note that rise times and fall times are different for the 
same value of capacitor). 



FIGURE 2. Output Ripple Magnitude vs. Input Signal 
Frequency. 


While the ripple magnitude for signals other than sine 
waves can be analytically determined, it is tedious. The 
fastest method of choosing C is to apply a representative 
input signal and observe the output for various value of 
C. C can be 100’s of microfarads, but should have a 
leakage current less than 0.1 /uA to minimize gain errors. 
With very large values of C, the input signals with 
frequencies approaching DC level could be averaged. 
Since the output is always a positive voltage, C can be 
polar capacitor. 



FIGURE 3. Response Time vs. Value of Averaging 
Capacitor. 


EXPANDED TRIM PROCEDURE FOR GREATER ACCURACY 


If the 4341 is used in applications to measure complex 

waveforms, the following expanded trim procedure is 

recommended. (Refer to Figure 4). 

First set all potentiometers at mid turn position. 

1. DC Reversal Error - Apply +1 0.000 V ±lmV and 
-10.000V ±lmV to E in alternatively, adjust R5 such 
that E 0 readings are the same ±2mV. 

2. Gain Adjustment - Apply E in = +10.000VDC 
±lmV, adjust R1 such that E 0 = +10.000VDC ±lmV. 

3. Input Offset - Apply +10.0mV ±0.1 mV and -lO.OmV 
±0.1 mV to Ein, adjust R4 such that E 0 readings are the 
same ±0.1 mV. 

4. Offset - Ground Ein, adjust R3 such that 
E 0 = 0 ±0.1 mV. Repeat Step (3). 

5. Low Level Accuracy - Apply Em = +10.0mV ±0. lmV, 
adjust R2 such that E 0 = +10.0mV ±0.1 mV. 



FIGURE 4. Expanded Trim Procedure (High Accuracy 
Applications). 


NONUNITY GAINS 

Gain values greater than unity can be achieved by inserting resistor R x between pin 5 and pin 6. R x — (A 2 - 1) x 10k + 2k 
where A is the desired value of gain (1 < A < 10). (R x is in ohms). 
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PRECISION QUADRATURE OSCILLATOR 


FEATURES 

• SINE AND COSINE OUTPUTS 

• RESISTOR PROGRAMMABLE FREQUENCY 

• WIDE FREQUENCY RANGE 

0.002Hz to 20kHz 

• LOW DISTORTION 

0.2% max up to 5kHz 

• EASY ADJUSTMENTS 

• SMALL SIZE 

• LOW COST 

DESCRIPTION 

The Model 4423 is a precision quadrature oscillator. It 
has two outputs 90 degrees out of phase with each other, 
thus providing sine and cosine wave outputs available at 
the same time. The 4423 is resistor programmable and is 
easy to use. It has low distortion (0.2% max up to 5 kHz) 
and excellent frequency and amplitude stability. 

The Model 4423 also includes an uncommitted 
operational amplifier which may be used as a buffer, a 
level shifter or as an independent operational amplifier. 
The 4423 is packaged in a versatile, small, low cost DIP 
package. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


Specifications typical at 25"C and ±15VDC 
Power Supply Unless Otherwise Noted. 


ELECTRICAL 


MIN 

TYP 

MAX 

UNITS 

FREQUENCY 





Initial Frequency (no adjustments) 

20.0k 

21.0k 

22.0k 

Hz 

Frequency Range (using 2 R’s only) 

2k 


20k 

Hz 

Frequency Range (using 2 R’s and 2 C's) 

0.002 


20k 

Hz 

Accuracy of Frequency Equation* 


±1 

±5 

% 

Stability vs Temperature 


±50 

±100 

ppm/°C 

Quadrature Phase Error 


±0.1 


degree 

DISTORTION 





Sine Output (pin I) 





0.002Hz to 5kHz 



0.2 

% 

5kHz to 20kHz 



0.5 

% 

Cosine Output (pin 7) 





0.002Hz to 5kHz 


0.2 


% 

5kHz to 20kHz 


0.8 


% 

Distortion vs Temperature 


0.015 


%rc 

OUTPUT 





Amplitude (Sine) 





At 20 kHz 

6.5 

7 

7.5 

V rms 

vs Temperature 


0.05 


%/“C 

vs Supply 


0.4 


v/v 

Output Current 

1.5 

5 


mA 

Output impedance 



I 

n 

UNCOMMITTED OP AMP 





Input Offset Voltage 


1.5 


mV 

Input Bias Current 


275 


nA 

Input Impedance 


1 


mo 

Open Loop Gain 


90 


dB 

Output Current 

5 



mA 

POWER SUPPLY 





Rated Supply Voltage 


±15 


VDC 

Supply Voltage Range 

±12 


±18 

VDC 

Quiescent Current 


±9 

±18 

mA 


MECHANICAL 


12.7 mm 
20.3mm "T*^(o 50") 

‘""TnU 


/ |1 0.51mm 



ROW SPACING - 7.6 (0.300") 

WEIGHT - 3.4 gms (0.12 oz) 
CONNECTOR - 14 pin DIP connector 
(145 MC) 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2). 
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TYPICAL PERFORMANCE CURVES 



Frequency 

FIGURE 2. 



Frequency 

FIGURE 3. 



Temperature °C 

FIGURE 4. 


EXTERNAL CONNECTIONS 


The frequency f can be expressed by: 


I. 20 kHz Quadrature Oscillator 
The 4423 does not require any external component to 
obtain a 20 kHz quadrature oscillator. The connection 
diagram is as shown in Figure 5. 



2. Resistor Programmable Quadrature Oscillator 

For resistor programmable frequencies in the 2 kHz to 
20 kHz frequency range, the connection diagram is 
shown in Figure 6. Note that only two resistors of equal 
value are required. The resistor Rcan be expressed by. 


3.785f , R in kO 

42.05 - 2f f in kHz 



3. Quadrature Oscillator Programmable to 0.002 Hz 
For oscillator frequencies below 2000 Hz, use of two 
capacitors of equal value and two resistors of equal value 
as shown in Figure 7 is recommended. Connections 
shown in Figure 7 can be used to get oscillator frequency 
in the 0.002 Hz to 20 kHz range. 


42.05 R 

(C + 0.001) (3.785 +2R) 


where, f is in Hz 
C is in ijlF 
and R is in kH 



For best results, the capacitor values shown in Table I 
should be selected with respect to their frequency ranges. 



f 

20 kHz 

to 

2 kHz 

2 kHz 

to 

200 Hz 

200 Hz 

to 

20 Hz 

c 

0 

O.OljuF 

O.ljuF 


20 Hz 


2 Hz 

0.2 Hz 

0.02 Hz 

f 

to 


to 

to 

to 


2 Hz 


0.2 Hz 

0.02 Hz 

0.002 Hz 

c 

IMF 

10juF 

lOOjuF 

lOOOjuF 


TABLE I. 


After selecting the capacitor for a particular frequency 
the value of the required resistor can be obtained by using 
the resistor selection curve shown in Figure 8 or by the 
expression: 


3.785f (C 4- 0.001) 
42.05 - 2f (C + 0.001) 


where, 

R is in kO 
f is in Hz 
and C is in juF 
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The curves shown in Figure 8 are provided only as a 
nomographic design aid. The selection of capacitor 
values is not limited to the values shown in Figure 8. Any 
suitable combination of R and C values which satisfies 
the expression relating R, F and C as shown above, would 
work satisfactorily with the 4423. 

NOTES ON TYPES OF CAPACITORS TO USE: 

There are various kinds of capacitors available for use. 
There are polarized, also known as DC capacitors and 
non-polarized, also known as AC capacitors available. Of 
these two types, the polarized capacitors cannot be used 
with 4423 to set the frequencies. 

Commonly available non-polarized capacitors include 
NPO ceramic, silver mica, teflon, polystyrene, 
polycarbonate, mylar, ceramic disc etc. A comparison is 
shown in Table II. 



Capacitance 
Range (juF) 

Temperature 

Coefficients 

ppm/ a C 

Dissipation 
Factor (%) 

NPO Ceramic 

5pF - 0.1 mF 

30 

0.05 

Silver Mica 

5pF - 0.047 m F 

60 

0.05 

Teflon 

0.001 - 100 m f 

200 

0.01 

Polystyrene 

0.001 - 500 mF 

100 

0.03 

Polycarbonate 

0.001 - 1000 m f 

90 

0.08 

Metalized Teflon 
Metalized 

0.001 - 100 mF 

60 

0.1 

Polycarbonate 

0.001 - 1000 mF 

10 

0.4 

Mylar 

0.001 - 1000 /xF 

700 

0.7 

Metalized Mylar 

0.001 - 2000 mF 

700 

1 

Ceramic Disc 

5pF - 0.5 m F 

10,000 

3 


TABLE II. 


For use with the 4423 oscillator, the choice of capacitors 
depends mainly on the user’s application, error budget 
and cost budget. Note that the specifications of 4423 do 
not include the error contribution of the external 
components. The errors sourced by external components 
normally have to be added to the 4423 specifications. 
As a general selection criteria we recommend the use of 
the above table. Start from the top of the list in the above 
table. If the capacitor is found unsuitable due to it being 
too large in size, too expensive, or is not easily available, 
then move down in the list for the next best selection. In 
any case do not choose or use any capacitors with 
dissipation factors greater than 1%. Such a capacitor 
would stop 4423 oscillation. 


DISSIPATION FACTOR (DF) 

A capacitor can be modeled by an ideal capacitor in 
parallel with an internal resistor whose value depends on 
its dissipation factor (DF). Mathematically, the internal 
resistor R is given by. 


2;rf C(DF) 

where R is in H, f is the Hz, and C is in farads. 

For example, the DF of ceramic disc capacitors is of the 
order of 3%, which for a 0.01 /uF capacitor would look 
like having an internal resistor of 530kH at 1 kHz. The 
530 kfl value resistor is small enough to stop the 4423 
oscillator from oscillating. 

Some capacitor manufacturers use the terms “Power 
Factor” (PF) or “Q Factor” (Q) instead of the term 
“Dissipation Factor”. These terms are similar in meaning 
and are mathematically related by, 

(DF) 1 

(PF) = ; Q = 

Vi + (DF) 2 (DF) 


OSCILLATION AMPLITUDE 

It takes a finite time to build up the amplitude of the 
oscillation to its final full scale value. There is a 
relationship between the amplitude build-up time and the 
frequency. The lower the frequency, the longer the 
amplitude build-up time. For example, typically it takes 
250 seconds at 1 Hz, 30 seconds at 10 Hz, 4 seconds at 100 
Hz, 400 milliseconds at 1 kHz, and 40 milliseconds at 10 
kHz oscillator frequencies. 

There are two methods available to shorten this normal 
amplitude build-up time. But there is also a relationship 
between the amplitude build-up time and distortion at 
final amplitude value. When the amplitude build-up time 
is shortened, the distortion can get worse. 

One method to shorten the amplitude build-up time is to 
connect a resistor between pin 3 and pin 14. The lower this 
resistor is the shorter will be the time to build up 
amplitude of the oscillation, and worse wilL be the 
distortion of the output waveform. For example, a lOOkH 
resistor would shorten the amplitude build up time from 
15 seconds to 1 second at 20 Hz frequency, but the 
distortion could be degraded from tpically 0.05% to 0.5%. 
The other method is to momentarily insert a 1 kO resistor 
via a reset switch betwen pin 3 and pin 14. The amplitude 
of oscillation is built up instantaneously when the reset 
switch is pushed. There will be no degradation of 
distortion with this method since the 1 kfl resistor does 
not remain in the circuit continuously. 
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ACTIVE FILTERS 


FEATURES 

• LOW PROFILE PACKAGE 

• FACTORY TUNED 

• NO EXTERNAL COMPONENTS REQUIRED 

• WIDE TEMPERATURE RANGE 

DESCRIPTION 

r 

Burr-Brown’s standard series of fixed-frequency 
active filters is available with a wide range of transfer 
characteristics and resonant frequencies. These 
modular units are pre-tuned at Burr-JBrown to the 
response you specify and they require no external 
components or adjustments. The ATF76 series 
includes Bessel, Butterworth, Chebyschev, band pass 
and band reject filters with up to eight poles. Y ou can 
save hours of design and analysis, especially when 
your application requires a complex transfer 
function. 

These units have applications in communications 
equipment, servo systems, and process controllers as 
well as test equipment. All filters are completely 
tested at the factory, and all give you the reliability 
you expect from Burr-Brown. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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FIXED 

FREQUENCY 
ACTIVE FILTERS 

Burr-Brown’s standard catalog ac- 
tive filters, the ATF76 series, are 
available with low pass, band pass, 
and band reject characteristics. The 
filters in this series are packaged in 
space-saving 0.4" high modules ran- 
ging in size from 1.5" x 1.5" for 2 
pole low pass and notch models to 
only 2.1" x-3.0" for 8 pole low pass 
models. All filters are complete units 
that are factory tuned with no exter- 
nal components required. All stand- 
ard active filters operate from ±15 
VDC power over a -25°C to +85 °C 
temperature range. 


Specifications typical at 25°C and rated supply voltage unless otherwise noted. 


MODELS) 

BAND PASS SINGLE TUNED | 

ATF76- 

B1*M 

ATF76- 
B 1 *N 

ATF76- 
B1 *P 

ATF76- 
B 1 *Q 

ATF76- 
B 1 *R 

FILTER ORDER No. of Poles 

2 

INPUT 

Voltage Range 

Impedance 

+ 10 V, min 

100 kQ, min 

FREQUENCY (f c ) 

Range 

Accuracy 

Temp. Coeff. 

Adj. Range 

1 to 20kHz 

±1% 

±0.03%/°C 

±3% 

GAIN 

Pass Band 

(inverting) 

0 ±0.5 dB 

SELECTIVITY (Q) 

Value 

Tolerance 

2 

5 

10 

±10% 

20 

50 

OUTPUT 

Noise( 2 ) 

Impedance 

Current 

100 juV 

io n 

±5 mA 

POWER SUPPLY CURRENT 

±15 VDC @ Quiescent( 6 ) 

±10 mA 

PACKAGE DWG. (See page 5-92) 

f#23l 2" x 2" x 0.4" 





Specifications typical at 25°C and rated supply voltage unless otherwise noted. 


MODELO) 

LOW PASS BUTTERWORTH 

LOW PASS BESSEL (Linear Phase) 

ATF76- 
L2 *B 

ATF76- 
L4 *B 

ATF76- 
L6 *B 

ATF76- 
L8 *B 

ATF76- 
L2 *L 

ATF76- 

L4 *L 

ATF76- 
L6 *L 

ATF76- 

L8 *L 

FILTER ORDER No. of Poles 

2 

4 

6 

8 

2 

4 

6 

8 

INPUT 

Voltage Range 

Impedance( 5 ) 

±10 V min 

30 kS2, min 

±10 V min 

30 kn, min 

FREQUENCY 

Range 

Accuracy 

Temp. Coeff. 

1 to 20kHz 

±2% 

±0.05%/°C 

1 to 20kHz 

±2% 

±0.05%/°C 


(non-inverting) 

0 dB, nom 
±0.05 dB, max 

(non-inverting) 

0 dB, nom 
±0.05 dB, max 

■ II 1 hi 1 —MMUMMWIU 


N/A 

OUTPUT 

Noise( 2 ) 

Output Impedance 

Rated Current 

Offset at 25°C( 8 ) 

Offset Drift 

-25°C to +85°C 

50 A«V, R 

in 

±5 mA 
±2 mV 

±25 uV/°C 

MS 

±50 mV/ q C 

50 

1 

±5 

±2 

±25 uV/°C 

/, RMS 

2 

mA 

mV 

±50 juV 

°c 

POWER SUPPLY CURRENT 

±15 VDC @ Quiescent (7) 

±6 mA 



warn 


±10 mA 

■sen 

— w 

PACKAGE DWG.(Seepage 5 -92) 

mm 


f#33l 3" x 2.1" x 0.4" 

liSliil 













♦Insert L or M, depending on frequency required. (2) 10 Hz to 50 kHz with input grounded. (4) ±3% f c adjustment and notch 
(1) See below for ordering information. (3) -40 dB notch attenuation, minimum. depth adjustment. 


ORDERING INFORMATION 


ATF76 


(Designates 

Series) 


DEFINES 
FILTER TYPE 


L = Low Pass 
B = Band Pass 
N = Notch 


r — 

DESIGNATES NO. OF 
POLES OR POLE PAIRS OR ZERO PAIRS 


Low Pass 

Band Pass 

Notch 

2 = 2 poles 

1=1 pole pair 

1 = zero 

4 = 4 poles 

2 = 2 pole pairs 

pair 

6=6 poles 



8 = 8 poles 




ATF76 - 


GROSS 

FREQUENCY RANGE 


L < 10 Hz 
M > 10 Hz 


B 2 M 
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Prices and specifications are subject to change without notice. 


LOW PASS CHEBYSCHEV (±0.4 dB Ripple) LOW PASS CHEBYSCHEV (±1.6 dB Ripple) 


ATF76- T ATF76- ATF76- ATF76-I ATF76- | ATF76- ATF76- ATF76- 

L2 *C L4 *C L6 *C L8 *C L2 *D L4 *D L6 *D L8 *D 


BAND-REJECT (NOTCH) 


ATF76- ATF76- ATF76- 

N 1 *M N 1 *N N 1 *P 



(5) For models with higher input impedance contact 
Burr-Brown or your local representative. 

(6) ±9 to ±18 VDC power may be used. 

M - 58RO 


(7) ±12 to ±18 VDC power may be used. 

(8) The offset may be trimmed to zero. 


(9) All filters have noninverting outputs 
except the single tuned band pass and 
band reject filter which have inverting 
outputs. 


TYPE OF FILTER RESPONSE 


CUTOFF OR CENTER FREQUENCY 



Low Pass Band Pass 

B = Butterworth K for Q = 1 (2 pole pa 

C = Chebyschev M for Q = 2 

0.4 dB nom ripple N for Q = 5 
D = Chebyschev - P for Q = 10 

1 .6 dB nom ripple Q for Q = 20 
L = Bessel R for Q = 50 


S - Special Order ivoxcn 

indicate Q on order for M for Q = 2 
2 pole pairs 1 < Q < 20 N for Q = 5 
1 pole pair 2 < Q < 50 P for Q = 1 C 


R for Q = 50 (1 pole pair only)| 


P for Q = 10 
S for Q = Special 
(indicate Q on order, 
2 < Q < 10) 



zeros following first 3 digits of 
frequency. For example: 58 Hz = 

58 RO, 580 Hz = 5800, 5800 Hz = 5801 
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Definition of 


Responses 


LOW PASS FILTERS 


BUTTERWORTH 

The Butterworth is a “maximally flat” amplitude response filter. 
Butterworth filters are used for filtering signals in data acquisition 
systems to prevent aliasing errors in sampled-data applications and 
for general purpose low-pass filtering. 

The cutoff frequency, f c , is the frequency at which the amplitude 
response is down 3 dB. The attenuation rate beyond the cutoff 
frequency is -n6 dB per octave of frequency where n is the order 
(number of poles) of the filter. 

Other characteristics: 

• Flattest possible amplitude response 

• Excellent gain accuracy at low frequency end of 
passband. 


AMPLITUDE RESPONSE 



FREQUENCY (Hz) 



BESSEL 

The Bessel is a type of “linear phase” filter. Because of their 
linear phase characteristics, these filters approximate a constant 
time delay over a limited frequency range. Bessel filters pass 
transient waveforms with a minimum of distortion. They are also 
used to provide time delays for low pass filtering of modulated 
waveforms and as a “running average” type filter. 

The maximum phase shift is ~ZL radians where n is the order 

(number of poles) of the filter. The cutoff frequency, f c , is 
defined as the frequency at which the phase shift is one half of 
this value. For accurate delay, the cutoff frequency should be 
twice the maximum signal frequency. The following table can 
be used to obtain the -3 dB frequency of the filter. 


AMPLITUDE RESPONSE 




2 pole 

4 pole 

6 pole 

8 pole 

3 dB 

Frequency 

.77 f c 

.67 f c 

.57 f c 

.50 f c 


Other characteristics: 

• Selectivity not as great as Chebyschev or 
Butterworth 

•Very little overshoot response to step inputs 
•Fast rise time 


PHASE RESPONSE 
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GAIN (dB) GAIN (dB) 


C MODEL AMPLITUDE RESPONSE 
(± 0.4 dB Ripple) 



D MODEL AMPLITUDE RESPONSE 
(± 1.6 dB Ripple) 



CHEBYSCHEV 

Chebyschev filters have greater selectivity than either the Bessel or 
Butterworth at the expense of ripple in the passband. 

Burr-Brown offers Chebyschev filters with peak to peak ripple 
design values of ±0.25 dB and ±1.0 dB in the passband. Due to 
parameter tolerances the actual ripple is allowed to go to ±0.4 
and ±1.6 dB; however the rolloff in the stopband will closely 
approximate the design response. Increased ripple in the passband 
allows increased attenuation past the cutoff frequency. The 
filter is designed so that the passband ripples equally about 0 dB. 

The cutoff frequency is defined as the frequency at which the 
amplitude response passes through the specified maximum ripple 
band and enters the stop band* 

Other characteristics: 

• Greatest selectivity 

• Very nonlinear phase response 

• High overshoot response to step inputs 


The table below shows the typical overshoot and settling time response of the low pass 
filters to a step input. 



NUMBER 

OF POLES 

PEAK 

OVERSHOOT 

SETTLING 

TIME (% of final value) 



% Overshoot 

±1% 

±0.1% 

±0.01 % 


2 

4 

1 .l/f c sec. 

1 .7/f c sec. 

1 .9/f c sec. 

BUTTERWORTH 

4 

11 

1.7/f c 

2&l( c 

3.8/f c 

6 

14 

2.4/f c 

3-9/f c 

5.0/f c 


8 

16 

3.1 /f c 

5.1/f c 

7.1 /f c 


2 

0.4 

0.8/f c 

1.4/f c 

1.7/fc 

BESSEL 

4 

6 

0.8 

0.6 

I Mi m 

1.8/f c 

2.1 /f c 

2.4/fc 

2.7/f c 


8 

0.3 

1.6/f c 

2.3/f c 

3.2/f c 


2 

11 

1.1 /f c 

1.6/fc 

. 

CHEBYSCHEV 

4 

18 

3 .0/ f c 

5.4/f c 


(C Model) 

6 

8 

21 

23 

8 .y/^c 

8.4/f c 

10.4/f c 

16.4/f c 

- 


2 

21 

1.6/f c 

2.7/f c 

- 

CHEBYSCHEV 

4 

28 

4.8/f c 

8 .4/ f c 

- 

(D Model) 

6 

32 

8.2/f c 

16.3/f c 

- 

8 

34 

11.6/f c 

24£/{ c 
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GAIN (dB) 


AMPLITUDE RESPONSE 



BAND REJECT FILTERS 


Burr-Brown’s band reject filters have steep attenuation skirts and a 
minimum of 40 dB attenuation at f c . Although f c is factory adjusted 
to ±1%, an external trim potentiometer allows adjustment of f c within 
a ±3% range allowing the user to obtain the exact frequency desired. 
A notch adjustment trimmer may also be used to provide a minimum 
of 40 dB attenuation at any point within the ±3% f c adjustment range. 

The frequencies below and above f c where the amplitude response is 
down by 3 dB are referred to asfj and f ^ respectively. The selectivity 
of the filter is defined as: Q = f c / (f 2 - fj). 


FREQUENCY (Hz) 



ATF76 









Mechanical Specifications 


Dimensions in millimeters are shown in parentheses. 


/1 4 PACKAGE 

Connector: 1400 MC 


/ 23 PACKAGE 

Connector: 2300 MC 


/33 PACKAGE 

Connector: None 


38.1mm 10.2mm 

(1.5") (0.4") 



j 


1 .02mm 
(0.040") dia. 


fXo, 


6.35mm (0.02") dia. 4 Pole Low Pass (0.20") 
<n 96") 2 Pole Band Pass c 


08mm Hr-1 


1 .02mm U u 
(0.040") dia. 
j i 5.1mm 
1 (0.20'')typ. 


Grid: 2.5mm (0.1") 

) UIO 1*- + -*4. + r fr- ■ , ■ 

■ It 

♦ • • 2 Pole Low Pass 

- #+t +4 1~* 

e , T . *rT* - T . ttrr-tff l r Band Reject 
BOTTOM VIEW 


(0.2") 45.7mm 

. I (1.80”) 


l 2.54mm I 

140 ( 0 . 10 ") 

10.16mm 

BOTTOM VIEW (0.40”) ‘ 


oooooooooo- 


6 and 8 Pole Low Pass 
4 Pole Band Pass 


3.8mm 
(0.1 5”)typ. 


BOTTOM VIEW 


Pin Connections 


LOW PASS 


/14 PACKAGE 


NOTE: Only the pins shown below are present on actual product 
package. In the above more pins are shown for 
purpose of grid positioning. 


/33 PACKAGE 


/23 PACKAGE 


1 4 Offset 

2 • Common 

3 • input 


j V+ • +Supply 

Offset 1 1 Com * Common 

Input# 2 V-e -Supply 
Out • Output 
I Z f Offset 


Input* 7 
Common • 5 

I 

+ Supply • 2 
-Supply* 1 

I* Key (N/C) 


21 A Offset I 

22 1 ( j ffset ^ 10 

26 • Output 
28* N/C 


Output #15 
-Supply • 14 


*For untrimmed operation leave 
adjustment pins open. 


BOTTOM VIEW 


BOTTOM VIEW 


BAND PASS 
/23 PACKAGE 



Freq. Trim* 14 
Freq. Trimf 12 


/33 PACKAGE 


1« N/C 
2 • Common 
3* Input 


BAND REJECT 


/14 PACKAGE 


2kI2 Notch Adj. 

Freq. Adj. * 


V+# +Supply 
C6m # Common 
V-# -Supply 
Out# Output 
Z# Notch 


Common • 5 

I 

+ Supply • 2 
-Supply* 1 

1 Key (N/C) 


Output #15 
-Supply • 14 


26*Output 
28* N/C 


BOTTOM VIEW 


BOTTOM VIEW 

♦For untrimmed operation 
leave adjustment pins open. 


1 BOTTOM VIEW 

R = 2 kJ2 (f D > 10 Hz) 

R = 10 kft (f Q < 10 Hz) 


For untrimmed operation, leave pin 
2 and pin Y open while tying pin X 
and pin Z to ground. When using 
trimpots leave pins X and Z open. 
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BURR -BROWN® 


UAF11 

UAF21 


UNIVERSAL ACTIVE FILTERS 


FEATURES 

APPLICATIONS 

• SAVES DESIGN TIME 

• FILTER CONFIGURATIONS 

User-tuneable frequency, Q-factor, gain 

Butterworth 

Calculate only three resistance values 

Bessel 

Design directly from this data sheet 

Chebyschev 

Completely characterized parameters 

• FILTER FUNCTIONS 

i • IMPROVED PERFORMANCE 

Low pass 

Wide frequency ranges 

High pass 

UAF11 -0.001Hz to 20kHz 

Bandpass 

UAF21 -0.001 Hz to 200kHz 

Band reject 

1% frequency accuracy 


-55° to +125°C temperature range 


0 range of 0.5 to 500 


Reliable hybrid construction 


NPO capacitors and thin-film resistors 


DESCRIPTION 


The UAFll’s and UAF21’s are low cost universal 

Q-factor, resonant frequency and gain. Any complex 

active filters. These versatile units can easily be 

filter response can be obtained by cascading these 

tailored to any active filter application using the 

units. Three separate outputs provide low-pass, high- 

extensive information provided in this data' sheet. 

pass, and bandpass transfer functions. A band-reject 

UAF’s are excellent choices for use in communi- 

(notch) transfer function may be realized simply by 

cations equipment, test equipment (engine analyzers. 

summing the high-pass and low-pass outputs. 

aircraft and automotive test, medical test, etc.), servo 

Since these UAF’s are so versatile and flexible, they 

systems, process control equipment, sonar and many 

can be stocked by the user in quantity for use as 

others. 

building blocks whenever the requirement arises. 

The UAFll’s and UAF21’s are complete two-pole 

This means instant availability and the UAF pur- 

active filters with the addition of four external 

chases may be made in volume to take advantage of 

resistors that provide the user easy control of the 

quantity price discounts. 



0 Adjust 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP • Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 


Typical at 25°C and with rated supply unless otherwise noted. 


| MODEL 

UAF11 

UAF2K1) 

UNITS 

1 INPUT I 

Input Bias Current 

±100 



Input Voltage Range 

±10 



Input Resistance 

100k 



| TRANSFER CHARACTERISTICS j 

Frequency Range (f 0 ) 

0.001 to 20k 

0.001 to 200k 

Hz 

fo Accuracy(2) 

±1/±5 

±1/±5 

% 

f 0 Stability(3) (over temp, range) 

±0.005 

±0.005 

%/°C 

Q Ranged) 

0.5 to 500 

0.5 to 500 

— 

Q Stability(5) 




at f 0 QCI04 

±0.025 

±0.01 

%/°c 

at f 0 QCI05 

±0.1 

±0.025 

%/°c 

Gain Range 

0.1 to 50 

0.1 to 50 

- 

j OUTPUT j 

Slew Rate 

0.6 

6.0 

V/jusec 

Peak-to-Peak Output Swing(6) 




fo^ 10kHz 

20 

20 

V 

fo 20kHz 

10 

20 

V 

fo^ 100kHz 

2 

20 

V 

Output Offset 




(at low-pass output with unity gain) 

±10 

±10 

mV 

Output Impedance 

2 

10 

n 

Noise(7) 

200 

200 

mV, rms 

Output Currents) 

10 

10 

mA 

| POWER SUPPLIES | 

Rated Power Supplies 

±15 



Power Supply Ranged) 

±5 to ±18 



Supply Current at ±15V (Quiescent) 

±12, max 



| TEMPERATURE RANGE ] 

Specification Temperature Range 



■ 

Epoxy 

-25 to +85 

-25 to +85 


Hermetic 

-55 to +125 

-55 to +125 

|H * H 

Storage Temperature Range 

-55 to +125 

-55 to +125 

■Bfl 


NOTES 

1. The UAF21 includes two internal 0.002/xF power supply capacitors. 

2. Repeatibility of fo using 0.1% frequency determining resistors. 

3. T.C.R. of external frequency determining resistors must be added to this figure. 

4. Derated 50% from maximum - see Typical Performance Curves. 

5. Q stability varies with both the value of Q and the resonant frequency f 0 . 

6. Low-pass output - see Typical Performance Curves. 

7. Measured at the bandpass output with Q = 50 over DC to 50kHz. 

8. The current required to drive Rfi and Rf 2 (external) as well as Ci and C 2 must come from 
this current. 

9. For supplies below ±10V, Q max will decrease slightly; filters will operate below ±5V. 


PIN CONNECTIONS 

Pin 1. High-Pass Output 
Pin 2. Optional Pin 
Pin 3. Bandpass Output 
Pin 4. Q Adjust Point 
Pin 5. Common 
Pin 6. +Supply 
Pin 7. Low-Pass Output 


Pin 8. Frequency Adjust 

Pin 9. -Supply 

Pin 10. Frequency Adjust 

Pin 11. Optional Pin 

Pin 12. Input 1 

Pin 13. Input 2 

Pin 14. Input 3 


MECHANICAL 

HERMETIC METAL PACKAGE 


Leads in true position within 0.10" i0.25mm i R at MMR 
at seating plane. 


ORDER NUMBER: 
UAF11H 
UAF21H 

WEIGHT: 4.3 Grams 
CONNECTOR: 
0145MC 



EPOXY PACKAGE 

NOTE: 

Leads in true position within 0.10" 

1 0.25mm) R at MMC at seating plane. 

* A * ORDER NUMBER: 

UAF11 

UAF21 

WEIGHT: 3.4 Grams 

_ CONNECTOR: 

Dfinntes Pin 1 0145MC 


JUL_1L 

X H 

Pin numbers shown 
reference only. 

— Note 1 Numbers may not b 


Pin numbers shown for 
reference only. 

, Numbers may not be 
marked on package. 

Note 1: Pin 
presence optional 



5-94 



























TYPICAL PERFORMANCE CURVES 



2 3 4 5 6 78 10 15 20 30 40 60 80 100 


UAF11 

10 20 30 40 60 80100 200 300 400 600 1000 

UAF21 

Frequency (kHz) 



100 

Ik 


10k 

100k 



UAF11 



Ik 

10k 


100k 

1 M 



UAF21 




Resonant Frequency ' Hz 


APPLICATIONS INFORMATION 


TRANSFER FUNCTION 


The U AF2 1 uses the state variable technique to produce a 
basic second order transfer function. The equation 
describing the three outputs available are: 

AlpCUq 2 


T(Low-Pass) : 


s + (a> 0 / Q) s 4- ojo 


T(Bandpass) = 

T(High-Pass) = 
where a > 0 = 27rf 0 . 


Abp(co 0 / Q)s 

S + ( (Do / Q) S + ODo 
Ahp S 2 

s 2 + (cuo/Q)s + cu 0 2 


To obtain band reject characteristics the low-pass and 
high-pass outputs are summed to form a pair of j<o axis 
zeros: 


T( Band- Reject) = — 


A (S 2 + £0 o 2 ) 

+ (oj Q / Q) S + (Do 2 


where Alp = Ahp = A. 


The state variable approach uses two op amp integrators 
and a summing amplifier to provide simultaneous low- 
pass, bandpass and high-pass responses. One UAF is 
required for each two poles of low-pass or high-pass 
filters and for each pole-pair of bandpass or band-reject 
filters. 

DESIGN PROCEDURE SUMMARY 

These procedures give the design steps for the proper 
application of a U AF and for the selection of the external 
components. More detailed information on filter theory 
pertinent to some of the steps can be found in the 
reference sources listed in Table I. 


TABLE I. Useful References. 

1. Tobey, Gene, et al, O perational Amplifiers : Desi g n and A p plications , 
Chapter 8, McGraw-hlill Book Company, 1971. 

2. Wong, Yu Jen, and William Ott: Function Circuits : Design and 
Ap plications , Chapter 6, McGraw-Hill Book Company, 1976. 

3. Daniels, Richard W.: Ap proximation Methods for Electronic Filter 
Des ign, McGraw-Hill Book Company, 1974. 

4. Zyerev, Anatol I.: Handbook of Filter Synthesis , John Wiley and Sons, 
1967. 

5. Temes, Gabor C., and Sanjit K. Mitra: Modern Filter Theory and Desi gn, 
John Wiley and Sons, 1973. 


Burr-Brown also manufactures a line of completely self- 
contained active filters called the ATF76 series. These are 
available in most popular transfer functions with from 
2- to 8-poie responses. They contain all necessary com- 
ponents and do not require any user design effort. 

DESIGN STEPS 

1 . Choose the type of function (low-pass, bandpass, etc.), 
type of response ( Butterworth, Bessel, etc.), number of 
poles, and cutoff frequency based on the particular 
application. 

If the transfer function is band-reject see Band-Reject 
Transfer Function before proceeding to step 2. 

2. Determine the normalized low-pass filter parameters 
(f n and Q) based on the type of response and number of 
poles selected in step 1. See Normalized Low-Pass 
Parameters. 

3. If the actual response desired is low-pass go to step 4. 
For other responses a transformation of variables 
must be made (low-pass to bandpass or low-pass to 
high-pass). See Low-Pass Transformation. 







4. Determine the actual (denormalized) cutoff frequency, 
f 0 , by multiplying f n by the actual desired cutoff 
frequency. See Denormalization of Parameters. 

5. Pick the desired UAF configuration (noninverting, 
inverting or bi-quad). See Configuration Selection 
Guide and UAF Configurations and Design Equations. 

6. Decide whether to use design equations “A” or “B’\ 
See Design Equations “A” and “B’\ 

7. Calculate Rfi and Rf2. See Natural Frequency and 
UAF Configurations and Design Equations. 

8. Determine Qp. See Qp Procedure. 

9. Select the desired gain for each UAF and calculate the 
corresponding R G and Rq. See Gain (A) and UAF 
Configurations and Design Equations. 

BAND-REJECT TRANSFER FUNCTION 

The band-reject is achieved by summing the high-pass 
and low-pass UAF outputs. Either of the configurations 
in Figures 2 and 3 can be used to provide the band-reject 
function if they are used as shown in Figure 1 . 

The 15kO resistor is adjusted for maximum rejection. 
The circuit in Figure 3 is applicable when using design 
equations “A” (Alp = Ahp). When design equations “B” 
are used (Alp = IOAhp), the resistor at pin 7 must be 10 
times the resistor at pin 1 to obtain equal pass-band gains 
above and below f n . 

In either case, the four external UAF resistors (Rg, Rq, 
Rfi and Rf2) should be calculated for f 0 and Q of the 
band-reject filter desired and for Alp to equal the desired 
pass-band gain. An input constraint is that the input 
voltage times Abp must not exceed the rated peak-to-peak 
voltage of the bandpass output, or clipping will result. 



NORMALIZED LOW-PASS PARAMETERS 

Usual active filter design procedure involves using normal- 
ized low-pass parameters. Table II is provided to assist in 
this step for the more common filter responses. Table III 
is a FORTRAN program which allows f n and Q to be 
calculated for any desired ripple and number of poles for 
the Chebyschev response. Program inputs are the number 
of poles (N) and the peak-to-peak ripple (R). Program 
outputs are f n and Q, which are used exactly as the values 
taken from Table II. 


TABLE II. Low-Pass Filter Parameters. 


Number 

Bi 



essel 

Chebysev | 

tterworth 

B 

0.5 dB Ripple 

2 dB Ripple | 

of Poles 

fnd 

Q 

fnd) 

Q 

fn<2) 

Vi 

f n <2) 

Q 

2 

1.0 

0.70711 

1.2742 

0.57735 

1.23134 

0.86372 

0.907227 

1.1286 

3 

1.0 


1.32475 


0.626456 

- 

0.368911 



1.0 

1.0 

1.44993 

0.69104 

1.068853 

1 .7062 

0.941326 

2.5516 

4 

1.0 

0.54118 

1.43241 

0.52193 

0.597002 

0.70511 

0.47071 1 

0.9294 


1.0 

1.3065 

1.60594 

0.80554 

1.031270 

2.9406 

0.963678 

4.59388 


1.0 

- 

1.50470 

_ 

0.362320 

- 

0.218308 

- 

5 

1.0 

0.61805 

1.55876 

0.56354 

0.690483 

1.1778 

0.627017 

1.77509 


1.0 

1.61812 

1.75812 

0.91652 

1.017735 

4.5450 

0.97579 

7.23228 


1.0 

0.51763 

1 .60653 

0.51032 

0.396229 

0.68364 

0.31611 

0.9016 

6 

1.0 

0.70711 

1.69186 

0.61120 

0.768121 

1.8104 

0.730027 

2.84426 


1.0 

1 .93349 

1.90782 

1.0233 

1.011446 

6.5128 

0.982828 

10.4616 


1.0 

-- 

1.68713 

- 

0.256170 


0.155410 

- 


1.0 

0.55497 

1.71911 

0.53235 

0.503?63 

1.0916 

0.460853 

1.64642 

7 

1.0 

0.80192 

1.82539 

0.66083 

0.822729 

2.5755 

0.797114 

4.11507 


1.0 

2.2472 

2.05279 

1.1263 

1.008(1)22 

8.8418 

0.987226 

14.2802 


1.0 

0.50980 

1.78143 

0.50599 

0.296736 

0.67658 

0.237699 

0.89236 

g 

1.0 

0.60134 

1.85314 

0.55961 

0.598874 

1.6107 

0.571925 

2.5327 


1.0 

0.89998 

1 .95645 

0.71085 

0.861007 

3.4657 

0.842486 

5.58354 


1.0 

2.5629 

2.19237 

1.2257 

1.005984 

11.5308 

0.990142 

18.6873 


1. -3dB frequency. 

2. Frequency at which amplitude response passes through the ripple band. 


TABLE III. Low-Pass Chebyschev Program. 


Pl=3.1 41 5926536 
COMPLEX P(10) 

READ 5, N, R 
5 FORMAT (I2.F8.6) 

A=SQRT(EXP( R/4. 3429448 )-1 . ) 

B=1./A 

AN=ALOG ( B+SQRT ( B**2 . 1 . ) ) 

AN=AN/FLO AT ( N ) 

J=MOD(N, 2)+N/2 
DO 10K=1, J 

RP=SINH(AN)*SIN(PrFLOAT(2*K-1 ) /FLOAT (2*N)) 

XIP=COSH(AN)*COS(PI*FLOAT(2*K-1)/FLOAT(2*N)) 

WN=SQRT(RP**2+XIP**2) 

Q=-WN/(2*RP) 

P(K)=CMPLX(WN,Q) 

IF(MOD(N,2).NE.O.AND K.EQ.J)GO TO 15 
PRINT 20, P(K) 

GO TO 10 
15 F=REAL(P(K)) 

PRINT 30, F 
10 CONTINUE 

20 FORMAT (2X“FN="E20.8“Q="E20.8) 

30 FORMAT (2X“FN = ”E20.8) 

STOP 
END 


Note that for bandpass and high-pass filters complex 
conjugate pole pairs in the actual filter correspond to 
single poles in the normalized low-pass model. Thus four 
poles in Table II would correspond to four-pole pairs in a 
bandpass or high-pass filter. 

Filters with an odd number of poles show one f n with no 
corresponding Q value. This represents a simple RC 
network that is required for odd pole filters. This RC 
network with a cutoff frequency equal to f n times the 
overall filter cutoff frequency should be placed in series 
with the first UAF two-pole section. An external op amp 
and RC network can be used for this purpose. 


NOTE: Language variations between 
computers may require modification 
of this program. 
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The cutoff frequency determined by the Table II filter 
parameters is (1) the -3dB frequency of the Butterworth 
response and of the Bessel response and (2) the frequency 
at which the amplitude response of the Chebyschev filters 
passes through the maximum ripple band (to enter the 
stop band). 

LOW-PASS TRANSFORMATION 
Low-Pass to High-Pass 

The following simple transformation may be used for 
high-pass filters: j 

f n (high-pass) = f n (low-pass) 

Q (high-pass) = Q (low-pass) 

Low-Pass to Bandpass 

The low-pass to bandpass transformation to generate f n 
(bandpass) and Q (bandpass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the FORTRAN program given in Table IV. This program 
automates the tranformation 

s= p/2 ± (p/2) 2 - 1. 

TABLE IV. Low-Pass to Bandpass Transformation 
Program. 

COMPLEX P.S.U 
READ 5, FN, Q, QBP 
5 FORMAT (3F1 2.5) 

Y=FN*SQRT(1.-1(./(Q*2.))**2) 

X=-FN/Q*2.) 

P=CMPLX(X,Y) 

U=CONJG(P) 

DO 30 1=1,2 

S=P/(2*QBP) 

p=S**2-1. 

T=ATAN2(AIMAG(P),REAL(P)) 

IF (T.GE.O.)GO TO 10 
T=2.*3.14159+T 
10 T=T/2. 

A=SQRT(CABS(P))*COS(T) 

B=SQRT(CABS(P))*SIN(T) 

S=S+CMPLX(A,B) 

FN=CABS(S) 

Q=-FN/(2.*REAL(S)) 

PRINT 20,FN,Q 

20 FORMAT (2X“FN="F12.5“Q="F12.5) 

IF(AIMAG(U).EQ.O.)GO TO 40 
30 P=U 

NOTE: Language variations between 
40 STOP computers may require modification 

END of this program. 


Program Inputs 

1. f n - From Table II for the low-pass filter of interest 

2. Q - From Table II 

3. Qbp - Desired Q of the bandpass filter 

For filters with an odd number of poles a Q of 0.5 should 
be used where Q is not given in Table II. Enter 10 5 for Q 
when transforming zeros on the imaginary axis. 

The program transforms each low-pass pole into a 
bandpass pole pair. Thus a three-pole low-pass input. 


would result in the pole positions for a three-pole pair 
bandpass filter requiring three UAF stages. 


DENORMALIZATION OF PARAMETERS 


Table II shows filter parameters for many 2- to 8-pole 
normalized low-pass filters. The Q and the normalized 
undamped natural frequency. f n for each two-pole section 
are shown. The Q values do not have to be denormalized 
and may be used directly as described in the Design 
Procedure Summary. f n must be denormalized by multi- 
plying it by the desired cutoff frequency of the actual 
overall filter to obtain the required frequency, f<> for the 
design formulas. As an example, consider a 4-pole low- 
pass Bessel filter with a cutoff frequency of 1000Hz. The 
first stage would be designed to an f 0 of 1432.41 Hz and a 
Q of 0.52193 while the second stage would have an f 0 of 
1605.94Hz and Q of 0.80554. To combine the two stages 
into the composite filter the low-pass output of the first 
stage (pin 9) would be connected to the input resistors 
(Rg) of the second stage. 


CONFIGURATION SELECTION GUIDE 

It is possible to configure the UAF three different ways. 
Each configuration produces features that may or may 
not be desirable for a specific application. The selection 
guide in Table V is given to assist in determining the most 
advantageous configuration for a particular application. 



UAF CONFIGURATIONS AND 
DESIGN EQUATIONS 
Noninverting Configuration 

For applications requiring a bandpass gain of 1 V/ V, the 
internal resistor Rrmay be used (input at pin 14) as the 
gain resistor Rg; thus, only three external resistors are 
needed to configure the filter. 

To use equations “B” connect an 1 Ikft resistor between 
pins 12 and 1. Use equations “B” for frequencies above 
8kHz or when Rq from equations “A” becomes a negative 
value. 


SIMPLIFIED DESIGN EQUATIONS “A” 


f„ < 5kHz (UAF1 1) or 50kHz (UAF21) 

1. Rf. = Rf: = 10 9 /<uo= 1.59 x 10 8 /fo 

2. Arp = QAi.p = QAhp 

3. Rq = I0 5 / (2Q P - Abp - 1) 

4. R<i = (2Q P - Abp + 1) 10 s / Abp 

SIMPLIFIED DESIGN EQUATIONS “B” 


fo> 5kHz (LIAFI I) or 50kHz (UAF2I) 

1. Rf. = Rf 2 = 3.16 x I0%«= 5.03 x I0 7 /f„ 

2. Abp = Q/3.16 A,.p = 3.I6Q Ahp 

3. Rq= 10 5 /(3.48Q p - A„ p - I) 

4. R« = (3.48Q P - Abp + I) !0 5 /Abp 

Inverting Configuration 

SIMPLIFIED DESIGN EQUATIONS “A” 

f<,< 5kHz (UAF1 1) or 50kHz (UAF2I) 

1. Rf. = Rf 2 = lO’/too = .1.59 x 10 8 /f o 

2. Abp = Q Ai.p = Q Ahp 

3. Rc,= 10 5 Qp/ Abp 

4. Rq = 2 x I0 5 /(2Qp + Abp - 1) 
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NONINVERTING INPUT 

INVERTING INPUT 

BI-QUAD 

Outputs Available 

BP, LP and HP 

BP, LP and HP 

BP and LP 

Inverted Outputs 

BP 

HP and LP 

BP and LP 

Q & Gain Independent of 
Frequency Resistors? 

Yes 

Yes 

No 

Type of Q Variation 

With Changes in Rf 

Constant Q 

Constant Q 

Constant bandwidth 

Other Advantages 

May be used with only three external 
resistors < use internal R^as Rg > 


Rg and Rq are small at 
high frequencies 

Parameter Limitations 

2Q P - Abp >1 (fo < 8 kHi) 

3.48Q P - Abp > 1 (f 0 > 8 kHz) 

2Q P + Abp > 1 (f 0 < 8 kHz) 
3.48Q P + Abp > 1 (f 0 > 8 kHz) 

None 

Summary: The Bi-Quad filter is particularly useful as a bandpass filter if the filter bandwidth must be kept constant as the center frequency is varied. If 

Q must be kept constant ( i.e., constant Q of a bandpass or maintaining constant response of a low-pass or high-pass) one of the other two 
configurations should be used. The Bi-Quad also has the advantage that Rg and Rq are smaller than Rg and Rq of the other two 
configurations (this is especially useful at high frequencies ). The noninverting input configuration has the advantage that for Abp = 1 , Rg = 
lOOkfl; therefore R 3 (internal) may be used so that only three external resistors are needed (Rfi. Rf 2 , Rq). 



SIMPLIFIED DESIGN EQUATIONS “B” 

f„ > 5kHz (UAFl 1) or 50kHz (UAF21) 

1. R F1 = Rf: = 3.16 x 10 8 /a> o = 5.03 x 10 7 /f„ 

2. Abp = Qp/3.16 = 3.16QpAhp 

3. R(i = 3.16 x 10 4 Qp/Abp 

4. R y = 2x 10 S /(3.48Q P + A»p- 1) 

BI-QUAD Configuration 

SIMPLIFIED DESIGN EQUATIONS “A” 

fo < 5kHz (UAFl l)or 50kHz (UAF21) 

1. Ri i = Rf: = lOVw,, = 1.59 x 10 8 /f„ 

2. Q Ai.p = Abp 

3. R q = QpRk, 

4. R<; = Rq/' Abp 

SIMPLIFIED DESIGN EQUATIONS “B” 

Co > 5kHz (UAFl I) or 50kHz (UAF2I) 

1- Rfi = Rf: = 3.16 x 10%„ = 5.03 x 10 7 /f„ 

2. Q A,.p = Abp 

3. Ry = 3.l6Q P Rfi 

4. R(, = Ry/ Abp 

Design Equations “A” and “B” 

1 . For f 0 below 8kHz, either of equations “A” or“B” may 
be used. 

2. For f 0 above 8kHz, equations “B” must be used. If 
equations “A” were used above 8kHz, the filter could 
become unstable. 

3. Equations “A”are for the UAF as it is supplied. When 
using equations “B”, a 1 1 kH resistor must be placed in 
parallel with R 2 (between pins 12 and 1). 




4. The values of Rfi and Rf 2 calculated with equations 
“B” are approximately one-third of those calculated 
with equations “A”. Thus there may be an advantage 
in using equations “B” at low frequencies. Using 
equations “B” would require use of one more resistor, 
but that would not alter or affect filter performance in 
any manner. 

5. Using the negative gain values for Alp or Ahp or A B p 
could result in the negative values for resistors Rg and 
Rq. So the absolute value of the gain should always be 
used in the equations. 

6. Under some circumstances the value of Rq using 
equations “A” will be negative. If this occurs, use 
design equations “B”. 

Natural Frequency (f 0 ) 

1. f 0 for each one pole-pair bandpass filte r is the center 
frequency (fc). fc is defined as fc = x/fVU where fr is the 
lower -3dB point and f 2 is the upper -3dB point of the 
pole-pair response. 
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2. To obtain f n below 100Hz using practical resistor 
values, capacitors may be paralleled with Cl and C2 to 
reduce the size of Rfi and Rf2. If capacitors are added 
in parallel, 

Rfi (new) = R F 2 (new) = Rfi (old) — 

C+1000pF 


where Rf (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across Cl and C2 (between pins 10 and 3 and 
pins 8 and 7 and Rfi (old) is the value calculated in the 
simplified design equations. 

Q-Factor f o 

1. For bandpass filters Q - 3dB bandwidth 

2. When designing low-pass filters of more than two 
poles, best results will be obtained if the two pole 
sections with lower Q are followed by the sections with 
higher Q. This will eliminate any possibility of clipping 
due to high gain ripple in high Q sections. 

Qp Procedure 

1. If the “f 0 times Q” product is greater than 10 4 (or I0 5 
for the UAF21), it is possible for the measured filter Q 
to be different from the calculated value of Q. This 
effect is the result of nonideal characteristics of 
operational amplifiers. It can be compensated for by 
introducing the parameter Q P into the design equations. 

2. Calculate the f 0 Q product for the filter. If the product 
is above 10 4 Hz (or 1(T for the UAF21), locate the 
corresponding f c Qp product on the curve in Figure 5. 
Divide f 0 Qp by f 0 to obtain Qp. Use Qp as indicated in 
the design equations. For f 0 Q products below 10 4 Hz 
(or 10 s for the UAF21), Q P = Q. 



FIGURE 5. QpDetermination. 

Gain (A) 

1. The gain (V/V) of each filter section is: 
Alp - for low-pass output - gain at DC 
Abp - for bandpass output - gain at f G 


Ahp - for high-pass output'- gain at high frequencies. 

2. Refer to the Typical Performance Curves for full 
power response. When selecting the gain, insure the 
limits of the curve are not exceeded for the desired 
voltage range. 


DETAILED TRANSFER FUNCTION EQUATIONS 

The following equations show the action of all the 
internal and external UAF filter components. They are 
not required for the regular design procedure but could 
be used if a detailed analysis is required. 


NONINVERTING INPUT CONFIGURATION 

: = R: (R, Rn c, R,:C:) 

( I + Id' Ry) 


2. Q 

3. Ri 


1 + 


R;R| iCi 


R \ R, + R: I ' ' \j R i R, C 

10' + 10' Ry (I0' + Ry) 

4. 0 Ai.p = Q Ahp Ri R: = A B py/RiRi ('■ (RRi t 

5. A„p = 10' (2 + 10' Ry) R (l 


INVERTING INPUT CONFIGURATION 

1 . to,, 1 = R: (R,RnC,R,:C:) 

2. Q = Rp ( I + 2 x 10' Ry^RnC, (R|R:R, : C;) 

3. Q Ai p = Q Ri Ahp R; =. A H pJR,RmCi (R:Rt:C : ) 

4. ABP^^/RiR.'R.yC: (RmCi) Q R<. 

5. 1 R P = I R, + 1 R; + ! R ( , 


BI-QUAD CONFIGURATION 

1 . to„ : = R : (R,R m C,R, :C:) 

2. Q = RyC; a>„ 

3. Q A, p (w,.R, ;C2) = Ahp = Ry R(, 


Offset Error Adjustment 

DC offset errors will be minimized by grounding pin 5 
through a resistor equal to 1/2 the value of Rfi or Rf 2 . 
The DC offset adjustment shown here may be used if 
required. 

Offset errors will increase with increases in R F . 


+Supply 

iMfr 

100k O “ 

* -Supply 

To pin 8 for bandpass output. 

To pin 10 for low-pass or high-pass output. 

*May be adjusted for best sensitivity. 


Design Example 

It is desired to design a 5-pole Bessel, Low-Pass Filter 
with f 0 = 3.3kHz and Alp = 1. We will use the UAF1 1 to 
implement this filter. 

From Table II the following values of f n and Q are 
obtained. 

Complex Poles: 
f n = 1.55876" 

Q = 0.56354. 
f n = 1.75812" 

Q = 0.91652. 

Simple Pole: 
f„ = 1.50470 
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Using thb above shown values of f n and Q, we now will 
proceed to Resign the three stages of filter separately. 
Any one of the three configurations can be used. We will 
select inserting configuration. 


For Stage 1. 

fo = 3.3kHz x f n = 3.3kHz x 1.55876 = 5144Hz 


Since f„ i>5kHz, equations “B” would be used, thus an 
1 1 kf) resistor must be connected between pins 12 and 1 . 

Rfi = Rfc = 5 - ' Q 5 3 f 44 ~' =977811 


f„Q = 51|44 x 0.56354 = 2.9 x I O’ 


f„Q<10 4 j, -.Qp = Q = 0.56354 

A„ p =2E. A, p = 0^56354 x [ = 0 . 1 7834 
3.16 3.16 


p - 3.16x IO J Qp _ 3.I6 x IQ 4 x 0.56354 
A up 0.17834 


99.85kll 


2 x I0 5 2 x 10' 

R ° “ 3.48Qp + Abp-I = 3.48 x 0.56354 + 0.17834 -I = 
l75.52kG 


For Stage 1 

fo = 3.3kHz x f n = 3.3kHz x 1.75812 = 5802Hz 


Since f„ >5kHz, equations “B” would again be used, and 
an 1 1 kll resistor would be connected between pins 1 2 and 
1 of the second UAF stage. 

r f, = Rf: = 5 - = 866911 

f„Q = 5802 x 0.91652 = 5.32 x 10’ 

f„Q< 1 0 J . ••• Q P = Q = 0.9 1 652 


Ahp = Si. A, p = -- 9 - 1 - 6 — X 1 = 0.29004 
BP 3.16 3.16 

Rd = 3.l6x I0 4 Qp = 3.16 x I0 J x0.91652 = 99.86kl! 

Abp 0.29004 

2 x I0 5 2 x 10' 

Ry = (3.48 Qp + Abp-I ) = (3.48 x 0.91652 + 0.29004 -I ) = 

80.66kll 
For Stage 3. 

f= 3.3kHz x f n = 3.3kHz x 1 .50470 = 4966Hz 


For the simple pole. 

RC = :r 7 = r — = 3.2049 x 
27rf 2n x 4966 

3300pF (or any convenient value) 


10 


3.2049 x 10 s _ 
3300 x 10 I: 


9.71 kfl 
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UNIVERSAL ACTIVE FILTER 





R 3 100 k r 4 100 k 


3 


V J 


FEATURES 

• LOW COST 

• SAVES DESIGN TIME 

Calculate only three resistance values 
Design directly from this data sheet 
Completely characterized parameters 

• IMPROVED PERFORMANCE 

1% frequency accuracy 
Uncommitted op amp included 
Q range of 0.5 to 500 
Reliable hybrid construction 
NPO capacitors and thin-film resistors 


International Airport Industrial Park - P.0. Box 11400 • Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 


PDS-318B 
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DESCRIPTION 


The UAF31 is a versatile 2-pole active filter which, with the 
addition of three or four external resistors, provides the 
user easy control of the Q-factor, resonant frequency and 
gain. Any complex filter response can be obtained by 
cascading units. The UAF3 1 is an ideal building block that 
can be purchased and stocked in quantity to be used when- 
ever the requirement for a filter arises. In this way filters 
are available immediately and may be purchased in volume 


to take advantage of quantity price discounts. 

Three separate outputs provide low pass, high pass, and 
band pass transfer functions. A band reject (notch) transfer 
function may be realized simply by summing the high pass 
and low pass outputs. The UAF31 also includes an uncom- 
mitted op amp that may be used as an input or output 
buffer or to add an additional one-pole response to the 
filter. 


TRANSFER FUNCTION 


The UAF31 uses the state variable technique to produce a 
basic second order transfer function. The equations describ- 
ing the three outputs available are: 


T(Low Pass) = 


AlPcuq 2 

s 2 + (coo/Q) s + O?o 2 


T(Band Pass) = 
T(High Pass) = 


AbpOo/Q)s 
s 2 + (« 0 /Q) s + oj 0 2 

AhP s 2 

S 2 + (gJq/Q) s + co 0 2 


To obtain band reject characteristics the low pass and high 
pass outputs are summed to form a pair of jco axis zeros: 


T(Band Reject) = 


A (s 2 + cop 2 ) 
s 2 +(co 0 /Q) s + cj 0 2 


where Alp=Ajjp=A. 


The state variable approach uses two op amp integrators 
(#2 and #3 in the simplified schematic below) and a sum- 
ming amplifier (#1) to provide simultaneous low pass, band 
pass and high pass responses. One UAF31 is required for 
each two poles of low pass or high pass filters and for each 
pole-pair of band pass or band reject filters. 


High Pass Band Pass Low Pass 

Output Output Output 

ill 28 6 



FIGURE 1. UAF31 Schematic. 







SPECIFICATIONS 


ELECTRICAL 


1 Typical at 2 5°C and with rated supply unless otherwise noted. | 

MODEL 

UAF31 

INPUT 


Input Bias Current 

±40 nA 

Input Voltage Range 

±10 V 

Input Resistance 

100 kft 

TRANSFER CHARACTERISTICS 


Frequency Range (f G ) 

0.001 to 25 kHz 

f c Accuracy* 1 ), max 

±1% 

f () Stability ) 

±0.002 %/°C 

Q Range* 3 ) 

0.5-500 

Q Stability* 4 * 


f Q Q < 1 0 4 

±0.01%/°C 

@f o Q'<10 5 

±0.02 5%/°C 

Q Repeatability 

±10% 

Gain Range 

0.1 to 50V /V 

OUTPUT 


Peak to Peak Output Swing* 5 ) 

20 V 

Output Offset 


(at L.P. output with unity gain) 

±20 mV 

Output Impedance 

1 n 

Noise*^) 

200 ^V (rms) 

Output Current* 7 ) 

5 m A 

1 UNCOMMITTED AMP CHARACTERISTICS 1 

Input Offset Voltage 

5 mV 

Input Bias Current 

40 nA 

Input Impedance 

1 

Large Signal Voltage Gain 

85 dB 

Output Current 

5 m A 

POWER SUPPLIES 


Rated Power Supplies 

±15 V 

Power Supply Range* 8 ) 

±5 to ± 18 V 

Supply Current (°> ±15 V(Quiescent) , max 

12 mA 

TEMPERATURE RANGE 


Specification Temperature Range 

-2 5 to +85°C 

Storage Temperature Range 

-2 5 to +85°C 


MECHANICAL 




ROW SPACING-7.6 (0.300”) 
WEIGHT-. 12 oz. (3.4) 
CONNECTOR — 14 pin Dl P connector 


Pin material and plating composition 
conform to method 208 (solderability) 
of Ml L-STD-202. 


(1) The tolerance of external frequency determining resistors 
must be added to this figure. 

(2) T.C.R. of external frequency determining resistors must be 
added to this figure. 

(3) See figure 3 for Q vs. F curve. 

(4) Q stability varies with both the value of Q and the resonant 
frequency f Q . 

(5) See figure 2 for full power response curve. 

(6) Measured at the band pass output with Q @ 50 over DC to 
50 kHz. 

(7) The current required to drive Rp^ and 
Cj and C2 must come from this current. 

(8) For supplies below ±10 V, Q max will decrease slightly; filters 
will operate below ±5 V. 


PIN CONNECTIONS 


Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 


1 - Frequency Adjust 

2- Band pass Output 

3- Common 

4- Positive Supply 

5- Auxiliary Amp. Output 

6- Auxiliary Amp + Input 

7- Auxiliary Amp - Input 

8- Frequency Adjust 

9- Low Pass Output 

10- Negative Supply 

1 1- High Pass Output 

12- Filter Input 2 

13- Filter Input 1 

14- Filter Input 3 
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TYPICAL PERFORMANCE CURVES 




ACTIVE FILTER DESIGN PROCEDURE 4 


To design filters using the circuits shown on the following 
pages, these six design steps should be followed: 

1 . Determine f 0 , the natural frequency of the pole pair. 

2. Determine A, the gain of the filter section (V/V). 

3. Determine the Q factor. 


Calculate Qp as shown in the Q factor design notes to 
compensate for amplifier phase shift errors. 

5. Determine the filter configuration that will be used 
(see configuration selection guide on the opposite 
page for recommendations). 

6. Calculate the resistance values required using the de- 
sign equations for the filter configuration selected. 


NATURAL FREQUENCY (f 0 ) DESIGN NOTES 


f 0 values for many low pass and high pass filters are 
given in the filter parameter table on page 5-107. 

f 0 for each one pole-pair band pass filter is the center 
frequency (f c ). f c is defined as f c = \J fj f2 when f \ 
is the lower 3 dB point and f2 is the upper 3 dB point 
of the filter. 

To use the UAF31 with f 0 above 8 kHz, an 1 1 kf2 
resistor must be placed in parallel with R.2 (between 
pins 13 and 11). For the higher frequencies where 
an 1 1 k£2 resistor is required, use simplified design 
equations “B”. For operation below these frequencies; 
use simplified design equations “A” or “B”. 

To obtain f 0 below 100 Hz using practical resistor 
values, T-networks may be used for the frequency 
determining resistors (RpjandR^). 



The equivalent resistance if inserted between pins 1 and 
1 1 or pins 2 and 8 is 

r= ^r7 l + Ra+Rb 

Capacitors may also be paralleled with C \ and C 2 to 
reduce the size of Rpjand Rp2- If capacitors are added 
in parallel, 

R F1 (new) = R F2 (new) =R F1 (old) 

where Rp(new) are the new lower value frequency resistors, 
C is the value of the two external capacitors placed across 
Ci and C 2 (between pins 1 and 2 and pins 8 and 9), Rpi 
(old) is the value calculated in the simplified design equa- 
tions. 

GAIN (A) DESIGN NOTES 

The gain (V/V) of the filter section is: 

Alp - for low pass output - gain at DC. 

Abp - for band pass output - gain at f 0 . 

Ahp ■ for high pass output - gain at high frequencies. 
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Q FACTOR DESIGN NOTES 


For band pass filters Q = 


fn 

3 dB bandwidth 


simply use Q. As can be seen in Figure 4, the amplifier 
phase shift errors cause Q to rise with increasing f 0 Q products. 


Q values for many low pass and high pass filters are given in 
the pole position table on page 5-107. 

A FORTRAN computer program to transform low pass pole 
positions to band pass pole positions is given on page 5-108. 

When designing low pass filters of more than two poles, best 
results will be obtained if the two pole sections with lower Q 
are followed by the sections with higher Q. This will elimi- 
nate any possibility of clipping due to high gain ripple in 
high Q sections. 

Q repeatability (Q change from unit-to-unit) is typically 
±5% at f 0 Q products less than 10 4 . The Q repeatability 
error increases as the f 0 Q product increases, to approxi- 
mately ±20% for f 0 Q products near 10^. 

Calculate the f G times Q product of the filter. If the pro- 
duct is above 10 4 Hz, locate the corresponding f 0 Qp 
product in Figure 4. Divide f 0 Qp by f 0 to obtain Q p . Use 
Qp as indicated in the equations on page 5-106 to correct for 
amplifier phase shift errors. For f 0 Q products below 10 4 Hz, 



NOTE: For more comprehensive detailed design procedure and illustrated examples of filter design using the Universal Active Filters, 
please refer to PDS-359, product data sheet for Burr-Brown model No. UAF41. 


CONFIGURATION SELECTION GUIDE 



NONINVERTING INPUT 

INVERTING INPUT 

BI-QUAD 

Outputs Available 

BP, LP and HP 

BP, LP and HP 

BP and LP 

Inverted Outputs 

BP 

HP and LP 

BP and LP 

Q & Gain Independent of 
Frequency Resistors? 

Yes 

Yes 

No 

Type of Q Variation 

With Changes in Rp 

Constant Q 

Constant Q 

Constant bandwidth 

Other Advantages 

May be used with only three 
external resistors (use internal 

R 3 as Rq) 


Rq and Rq are small 
at high frequencies 

Parameter Limitations 

2 Q p - A BP > 1 (f G < 8 kHz) 

3.48 Q p - A BP > 1 (f Q > 8 kHz) 

2 Qp + A bp > 1 (f Q < 8 kHz) 

3.48 Q p + A BP > 1 (f 0 > 8 kHz) 

NONE 

Summary: The Bi-Quad filter is particularly useful as a bandpass filter if the filter bandwidth must be kept constant as the center frequency 

is varied. If Q must be kept constant (i.e., constant Q of a band pass or maintaining a constant response of a lowpass or highpass) 
one of the other two configurations should be used. The Bi-Quad also has the advantage that Rq and Rq are smaller than Rq 
and Rq of the other two configurations (this is especially useful at high frequencies). The noninverting input configuration has 
the advantage that for A BP = 1 , Rq = 100 k therefore R 3 (internal) may be used so that only three external resistors are needed 
(RFi, RF 2 > r Q>- 
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NONINVERTING INPUT CONFIGURATION 


For applications requiring a band pass gain 
of 1 (V/V), the internal resistor R^ may be 
used (input at pin 14) as the gain resistor 
R g . Thus only three external resistors are 
needed to configure the filter. 

SIMPLIFIED DESIGN EQUATIONS “A” 

f Q < 8 kHz 


J. r f1 



1.S92 x 10 8 
f o 


2. A.gp - Q A Lp = Q A Hp 

3 . R G = l£i^. 

a bp Qp 
io* 


W 2Qp - 1 bp£p _ , 

SIMPLIFIED DESIGN EQUATIONS “B” 

f Q > 8 kHz 
R FI = R F2 = 


a bp q p 


3.48 Qp — Agp Qp /Q — 1 


* To use equations “B” connect an 1 1 k resistor between pins 11 and 13. Equations 
“B” are also valid for frequencies below 8 kHz. 



* External 
Resistors 


INVERTING INPUT 
CONFIGURATION 

SIMPLIFIED DESIGN EQUATIONS “A” 


f Q < 8 kHz 

I0 9 1.592 x 10 8 

'• r fi = R F2 ~~ r 

S *.o 

2. A Bp = Qp A Lp = Qp A Hp 

. d - »o s Qp 

3 - r g — i 

a B p 


4. Rr\ — ' 

Q 2Qp+A BP -l 

SIMPLIFIED DESIGN EQUATIONS “B” 

f Q > 8 kHz 

, _ _ >/fiTx 10 8 5.033 x 10 7 


Qp 

2. A bp =— - r-A L p= 3.16QP A HP 


_ 3.16 x 10 4 Qp 


a BP 


4. Rq 


10 s 


3.48 Qp + A B p - 1 



BI-QUAD 

CONFIGURATION 

SIMPLIFIED DESIGN EQUATIONS “A” 


2. a B p = Q Alp 

3. Rq = Qp R F1 



SIMPLIFIED DESIGN EQUATIONS “B” 


1. Rp, - r f , - 


f Q > 8 kHz 

j/TFx 10 8 

F2 " 


2. A B p = 3.16 Q Alp 

3. Rq = 3.16 Qp R F j 


4. Rg=^~ 
A B p 
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BAND REJECT 


The band reject configuration is achieved by summing the 
high pass and low pass UAF outputs. The circuits shown 
in Figures 5 and 6 can be used to provide the band reject 
function if they are connected as shown in Figure 8. The 
Figure 8 circuit is applicable when using simplified design 
equations “A” (Alp = Ahp), but when operating with an 
11 k£2 resistor between pins 13 and 11 (Alp = 10 Ahp), 
the resistor at pin 9 must be 10 times the resistor at pin 1 1 
to obtain equal passband gains above and below f 0 . 

In either case, the four external UAF resistors (Rq, Rq, 
Rpj and Rp2) should be calculated for f 0 and Q of the 
band reject filter desired and for App to equal the desired 


passband gain. An input constraint: the input voltage times 
Agp must not exceed the rated peak-to-peak output voltage 
of the band pass output, or clipping and distortion will result. 



FIGURE 8. Band Reject Output 


FILTER PARAMETERS 


LOW PASS AND HIGH PASS 

Table 1 shows filter parameters for many 2 to 8 pole low 
pass filters. The Q and the normalized undamped natural 
frequency, f n , for each two-pole section are shown. The Q 
values should be used with Figure 4 and in the design 
formulas on page 5-106 and f n must be multiplied by the 
desired cutoff frequency of the overall filter to obtain the 
required frequency, f 0 , for the design formulas. As an 
example, consider a 4-pole low pass Bessel filter with a 
cutoff frequency of 1000Hz. The first stage would be 
designed to an f 0 of 1 432.4 1 Hz and a Q of 0.52 1 93 while 
the second stage would have an f G of 1605.94Hz and a Q 
of 0.80554. The low pass output of the first stage (pin 9) 
should be connected to the input resistor (Rg) of the 
second stage. 

Filters with an odd number of poles show one f n with no 
corresponding Q value. This represents the simple RC net- 
work that is required for odd pole filters. This RC network 
with a cutoff frequency equal to f n times the overall filter 
cutoff frequency should be placed in series with the first 


UAF two-poie section. The uncommitted internal op amp 
should be used as a buffer to isolate the RC network so that 
the UAF input resistor will not affect the cutoff frequency 
of the RC network. 

The cutoff frequency determined by the Table 1 filter para- 
meters is (1) the 3 dB frequency of the Butterworth response 
and of the Bessel response and (2) the frequency at which 
the amplitude response of the Chebyschev filters passes 
through the maximum ripple band and enters the stop band. 

To obtain high pass pole positions, the low pass to high pass 
transformation may be used: f„ (high pass) = 

Q (high pass) = Q (low pass) 

The low pass to band pass transformation is much more com- 
plicated, but it can be done using the low pass to band pass 
conversion program (Table III). 



NUMBER 

OF POLES 

BUTTERWORTH 

BESSEL 

CHEBYSCHEV 

0.5 dB RIPPLE 2 dB RIPPLE 


Q 


Q 

fn 

Q 

fn 

Q 

2 

1.0 

0.70711 

1 .2742 

0.57735 

1.23134 

0.86372 

0.907227 

1.1286 




1 32475 






3 

1.0 

1.0 

1.44993 

0.69104 

1.068853 

,1.7062 

0,941326 

2.5516 

4 

1.0 

0.54118 

1 .43241 

0.52193 

0.597002 

0.70511 

0.470711 

0.9294 


1.0 

1.3065 

1 .60594 

0.80554 

1.031270 

2.9406 

0.963678 

4.59388 


1.0 


1.50470 


0.362320 


0.218308 



5 

1.0 

0.61805 

1.55876 

0.56354 

0.690483 

1.1778 

0.627017 

1.77509 


1.0 

1.61812 

1.75812 

0.91652 

1.017735 

4.5450 

0.97579 

7.23228 


1.0 

0.51763 

1 .60653 

0.51032 

0.396229 

0.68364 

0.31611 

0.9016 

6 

1.0 

0.70711 

1.69186 

0.61120 

0.768121 

1.8104 

0.730027 

2.84426 


1.0 

1 .93349 

1.90782 

1.0233 

1.011446 

6.5128 

0.982828 

10.4616 


1.0 


1.68713 


0.256170 


0.155410 



7 

1.0 

0.55497 

1.71911 

0.53235 

0.503863 

1.0916 

0.460853 

1.64642 


1.0 

0.80192 

1.82539 

0.66083 

0.822729 

2.5755 

0.797114 

4.11507 


1.0 

2.2472 

2.05279 

1.1263 

1.008022 

8.8418 

0.987226 

14.2802 


1.0 

0.50980 

1.78143 

0.50599 

0.296736 

0.67657 

0.237699 

0.89236 

8 

1.0 

0.60134 

1.83514 

0.55961 

0.598874 

1.6107 

0^571925 

2.5327 


1.0 

0.89998 

1.95645 

0.71085 

0.861007 

3.4657 

0.842486 

5.58354 


1.0 

2.5629 

2.19237 

1.2257 

1 .005984 

1 1.5305 

0.990142 

18.6873 


TABLE 1. Low Pass Filter Parameters 
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LOW PASS CHEBYSCHEV 

Table II details a FORTRAN program to determine f n 
arid Q for a Chebyschev low pass filter. The 6nly inputs 
required are the number of poles and the peak to peak 
ripple (dB) of the desired filter. The program outputs are 
treated exactly as the values on the pole position table 
(Table 1). 

BAND PASS 

Table III details a FORTRAN program that may be used 
to transform low pass pole positions into the equivalent 
band pass pole positions. 

Program Inputs: 

1. f n -From Table I for the low pass filter of interest. 

2. Q From Table I. 


COMPLEX P,S,U 

T=2.*3.141 59+T 

READ 5, FN, Q, QBP 

10 T=T/2. 

5 FORMAT (3F12.5) 

A=SQRT(CABS(P))*COS(T) 

Y=FN*SQRT(1.-(1./(Q*2.))* 

*2) B=SQRT(CABS(P))*SIN(T) 

X=-FN/(Q*2.) 

S=S+CMPLX(A, B) 

P=CMPLX(X,Y) 

FN=CABS(S) 

U=CONJG(P) 

Q=-FN 1(2. * REAL(S)) 

DO 30 1 = 1,2 

PRINT 20,FN,Q 

S=P/(2. *QBP) 

20 FORMAT (2X"FN = "F12.5” Q = ''F12.5) 

P=S**2-1 . 

IF(AIMAG(U).EQ.O.) GO TO 40 

T=ATAN2(AIMAG(P),REAL(P)) 30 P=U 

IF(T.GF o.) GO TO 10 

40 STOP 


END 


TABLE III. Low Pass to Band Pass Transformation Program 

DETAILED TRANSFER FUNCTION EQUATIONS 

The following equations show the action of all the internal and external 
UAF31 filter components. They should be used if a detailed analysis, 
not covered in the simplified equations, is required. 


3- QBP-Desired Q of the band pass filter. 

For filters with an odd number of poles a Q of .5 should 
be used where Q is not given in Table I. The program 
transforms each low pass pole into a band pass pole pair. 
That is, using the two-pole low pass pole positions would 
result in the pole positions for a two pole pair, band pass 
filter, requiring two UAF stages. Enter 10 6 for Q when 
transforming zeros on the imaginary axis. This program 
automates the transformation s = p/2 ± (p/2)2-l. 


PI-3. 141 5926536 
COMPLEX P(10) 

READ 5,N,R 
5 FORMAT(I2,F8.6) 

A=SQRT(EXP(R/4. 3429448)- 1.) 

B=l./A 

AN= ALOG(B+SQRT(B :| ‘ * 2+ 1 .)) 

AN=AN/FLOAT(N) 

J=MOD(N,2)+N/2 
DO 10 K=1,J 

RP-SINH(AN)*SIN(PI*FLOAT(2*K-l)/FLOAT(2*N» 
XIP=COSH( AN) * COS(PI * FLO AT(2 * K- 1 )/FLO AT(2 * N)) 
WN=SQRT(RP* * 2+XIP* *2) 

Q=-WN/(2.*RP) 

P(K)=CMPLX(WN,Q) 

IF(MOD(N,2).NE. 0 .AND.K.EQ.J) GO TO 15 
PRINT 20,P(K) 

GO TO 10 
15 F=REAL(P(K)) 

PRINT 30, F 
10 CONTINUE 

20 FORMAT(2X”FN=''E20.8" Q = "E20.8) 

30 FORMAT(2X"FN='*E20.8) 

STOP 

END 


NONINVERTING INPUT CONFIGURATION 

1 "O 2 = Rl R F1 ftF2 Cl C 2 
K4 (Rq + RQ) 

. „ Rg Rq , r 2 r fi 

2 . Q — R^C^) 


•; r 2 


3. Q A LP - Q A HP (J^) - A B p 


RG <R5 + *Q + Tq-> 

R 

s - Ahp = r? Alp 

R(J W Rq 
r 4 

6 a bp = Rq 

INVERTING INPUT CONFIGURATION 

. 2 r 2 
*• w ° = R i Rfi Rfz C, C 2 


r F 1 Cl 


3. Q A l p = Q A„P <£) = A BP (*‘ c'f 


ALP - Rg 

R, r 2 

s- a hp = a lp = ^ 

6 - a bp = (* + ~ i t 

w r g<tc 1 + R^ + R5 > 

BI-QUAD CONFIGURATION 

»• «o 2 = i 


2. Q = Rq C 2 u 0 

3> ABP = «TOT!i = 


OFFSET ERROR ADJUSTMENT 

DC offset errors will be minimized by grounding pin 3 
through a resistor equal to 1/2 the value of Rpi or Rp2- 

The DC offset adjustment shown here may be used if 
requited. 

Offset errors will increase with increases in Rp. 
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FEATURES 

• LOW COST 

• SMALL SIZE 

Single wide DIP package 

• FULLY CHARACTERIZED PARAMETERS 

• HYBRID CONSTRUCTION 

• IMPROVED PERFORMANCE 

1% frequency accuracy 
Q range of 0.5 to 500 
NPO capacitors and thin-film resistors 
Uncommitted op amp included 

BENEFITS 

• SAVES PRINTED CIRCUIT BOARD SPACE 

• SAVES DESIGN TIME 

Calculate only four resistance values 
Design directly from this data sheet 
Versatile building block for filter design 

• HIGH RELIABILITY 

• HIGH STABILITY 


International Airport Industrial Park - P.O. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-359 Printed in U.S.A. July, 1978 
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DESCRIPTION 


TheUAF41 is a versatile 2-pole active filter. It uses a three 
operational amplifier double integrater feedback loop to 
generate a complex pole pair (two conjugate poles). -The 
location of the poles in the complex plane (and thus the 
natural frequency and Q) are determined by external, 
user supplied resistors. Either 3 or 4 resistors are used 
depending on the particular configuration chosen. 

The UAF41 produces three transfer functions 
simultaneously - low pass, high pass, and band pass - 
which are available at three separate outputs. The fourth 
basic transfer function - the band reject or notch - can be 
obtained simply by summing the high pass and low pass 
outputs using the uncommitted amplifier (A4) contained 
in the U AF4 1 . The uncommitted op amp can also be used 
to add a single pole response for complex filters requiring 
an odd number of poles. 


More complex higher order filters can readily be obtained 
by cascading UAF’s. This is easily done with the UAF41 
since the high input impedance and low output 
impedance associated with the operational amplifiers 
used prevents the series connected stages from interacting 
(e.g., no frequency pull due to following stage loading). 
This data sheet contains the design procedures for an easy 
selection of resjstor values for the stagger tuning of 
cascaded stages. 

The versatility of the UAF41 makes it a general purpose 
building block for a wide variety of active filter 
applications. Its universal nature, ease of use, small size 
and low cost allows the user the convenience of keeping 
units on hand for immediate use whenever a filter 
requirement arises. 


TRANSFER FUNCTION 


The UAF41 uses the state variable technique to produce a 
basic second order transfer function. The equations describ- 
ing the three outputs available are: 


T(Low Pass) = 


ALP^o 2 

s2 + (cj 0 /Q) s + co 0 2 


T(Band Pass) = 
T(High Pass) = 


ABP(<^o/Q)s 
s2 + (g; 0 /Q) s + 60 O 2 

AhP s 2 

s2 + (cj 0 /Q) s + cj 0 2 


To obtain band reject characteristics the low pass and high 
pass outputs are summed to form a pair of jco axis zeros: 

A (s2 + cj 0 2 ) 

T(Band Reject) = 

s2+(co 0 /Q) s + coo 2 
where A^p-Aj-jp^A. 

The state variable approach uses two- op amp integrators 
(A2 and A3 in the simplified schematic below) and a sum- 
ming amplifier (Al) to provide simultaneous low pass, band 
pass and high pass responses. One UAF41 is required for 
each two poles of low pass or high pass filters and for each 
pole-pair of band pass or band reject filters. 


High Pass Band Pass Low Pass 

Output Output Output 



FIGURE 1.UAF41 Schematic. 
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SPECIFICATIONS 


ELECTRICAL 


Typical at 2 5°C and with rated supply unless otherwise noted. 

MODEL 

UAF41 

INPUT 


Input Bias Current 

±40 nA 

Input Voltage Range 

±10 V 

Input Resistance (1) 

50 kfi 

TRANSFER CHARACTERISTICS 


Frequency Range (f Q ) 

0.001 to 25 kHz 

f Q Accuracy^ 2 ), max 

±1% 

f Q Stability O) 

±0.002%/°C 

Q Range (4) 

0.5-500 

Q Stability (5) 


@f Q Q < 10 4 

±0.01%/°C 

@f Q Q < 10 s 

±0.025 %/°C 

Q Repeatability at f Q Q < 10 s 

±10% 

Gain Range 

0.1 to 50V /V 

OUTPUT 


Peak to Peak Output Swing 

20 V 

Output Offset O) 


(at L.P. output with unity gain) 

±20 mV 

Output Impedance 

i n 

Noised) 

200 mV (rms) 

Output Current^ 9 ) 

5 mA 

UNCOMMITTED AMP CHARACTERISTICS 

Input Offset Voltage 

5 mV 

Input Bias Current 

40 nA 

Input Impedance 

1 Mil 

Large Signal Voltage Gain 

85 dB 

Output Current 

5 mA 

POWER SUPPLIES 


Rated Power Supplies. 

±15 V 

Power Supply Range^ 10 ) 

±5 to ±18 V 

Supply Current @ ±15 V(Quiescent) , max 

7 mA 

TEMPERATURE RANGE 


Specification Temperature Range 

-25 to +85°C 

Storage Temperature Range 

-25 to +85°C 


MECHANICAL 


O Pin 1 Identification 



5.1 mm 
(.200") max 


-HI— 

0.457mm 

(0.018") 


-A k 



2.54mm 
( 0 . 1 00 ") 

Non cumulative 


ROW SPACING - 7.63mm (0.300") 
WEIGHT - l.lgms max 
CONNECTOR - 14 pin DIP connector 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2) 


For noninverting input configuration with Agp = 1. 

The tolerance of external frequency determining resistors 
must be added to this figure. 

T.C.R. of external frequency determining resistors must be 
added to this figure. 

See Figure 3 for Q max vs F curve. 

Q stability varies with both the value of Q and the resonant 
frequency f Q . 

See Figure 2 for full power response curve. 

Rpi = Rf 2 < 100kS2 at L.P. output with unity gain. 

Measured at the band pass output with Q @ 50 over DC to 
50 kHz. 

The current required to drive R F1 and Rp 2 (external) as well as 
Cj and C 2 must come from this current. 

For supplies below ±10V, Q max will decrease slightly; filters 
will operate below ±5V. 


PIN CONNECTIONS 


- Low Pass Output 
■ Filter Input 3 

- Filter Input 2 

- Auxiliary Amp + Input 

- Auxiliary Amp - Input 

- Auxiliary Amp Output 

- Band Pass Output 

- Frequency Adjust 

- Negative Supply 

- Positive Supply 

- Common 

- Filter Input 1 

- High Pass Output 

- Frequency Adjust 
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DESIGN PROCEDURE SUMMARY 

This summary gives the design steps for the proper 
application of UAF41s and for the selection of the 
external components. More detailed information on filter 
theory pertinent to some of the steps can be found in the 
reference sources listed under USEFUL REFERENCES. 
Burr-Brown also manufactures a line of completely self- 
contained active filters called the ATF76 series. These are 
available in most popular transfer functions with from 2 
to 8 pole responses. They contain all necessary 
components and do not require any user design effort. 


DESIGN STEPS: 

1. Choose the type of transfer function (low pass, band 
pass, etc.), type of response (Butterworth, Bessel, etc.), 
number of poles, and cutoff frequency based on the 
particular application. 

If the transfer function is band reject see BAND 
REJECT TRANSFER FUNCTION, before 
proceeding to step 2. 

2. Determine the normalized low pass filter parameters (f n 
and Q) based on the type of response and number of 
poles selected in step 1. See NORMALIZED LOW 
PASS PARAMETERS. 

3. If the actual response desired is low pass go to step 4. 
For other responses a transformation of variables must 
be made (low pass to band pass or low pass to high 
pass). See LOW PASS TRANSFORMATION. 

4. Determine the actual (denormalized) cutoff frequency, 
f 0 , by multiplying f n by the actual desired cutoff 
frequency. See DENORMALIZATION OF 
PARAMETERS. 

5. Pick the desired UAF configuration (noninverting, 
inverting or bi-quad) see CONFIGURATION 
SELECTION GUIDE, and UAF41 CONFIGURA- 
TIONS AND DESIGN EQUATIONS. 

6. Decide whether to use design equations “A” or “B”. 
See DESIGN EQUATIONS “A” AND *‘B”. 

7. Calculate Rfi and Rf2. See NATURAL FRE- 
QUENCY, and UAF CONFIGURATIONS AND 
DESIGN EQUATIONS. 

8. Determine Qp. See Qp PROCEDURE. 

9. Select the desired gain for each UAF and calculate the 
corresponding Rg and Rq. See GAIN (A), and UAF41 
CONFIGURATIONS AND DESIGN EQUATIONS. 
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NORMALIZED LOW PASS PARAMETERS 

Usual active filter design procedure involves using 
normalized low pass parameters. Table I is provided to 
assist in this step for the more common filter responses. 
Table II is a FORTRAN program which allows f n and Q 
to be calculated for any desired ripple and number of 
poles for the Chebyschev response. Consult the USEFUL 
REFERENCES for other information. 

Note that for band pass and high pass filters complex 
conjugate pole pairs in the actual filter correspond to 
single poles in the normalized low pass model. Thus four 
poles in Table I would correspond to four pole pairs in a 
band pass or high pass filter. 


Filters with an odd number of poles show one f n with no 
corresponding Q value. This represents a simple RC 
network that is required for odd pole filters. This RC 
network with a cutoff frequency equal to f n times the 
overall filter cutoff frequency should be placed in series 
with the first UAF two-pole section. The uncommitted 
internal op amp with an external RC network can be used 
for this purpose. 

The cutoff frequency determined by the Table I filter 
parameters is (1) the -3dB frequency of the Butterworth 
response and of the Bessel response and (2) the frequency 
at which the amplitude response of the Chebyschev filters 
passes through the maximum ripple band (to enter the 
stop band). 


NUMBER 

OF POLES 

BUTTERWORTH 

BESSEL 

CHEBYSCHEV 

0.5dB RIPPLE 2dB RIPPLE 

fn(D 

Q 

fed) 

Q 

fn(2) 

Q 

fn(2) 

Q 

2 

1.0 

0.70711 

1.2742 

0.57735 

1.23134 

0.86372 

0.907227 


3 

1.0 

— 

1.32475 

— 

0.626456 

— 

0.368911 

— 


1.0 

1.0 

1.44993 

0.69104 

1.068853 

1.7062 

0.941326 

2.5516 

4 

1.0 

0.54118 

1.43241 

0.52193 

0.597002 

0.70511 

0.470711 

0.9294 


1.0 

1.3065 

1.60594 

0.80554 

1.031270 

2.9406 

0.963678 

4.59388 

5 

1.0 

— 

1.50470 

— 

0.362320 

— 

0.218308 




1.0 

0.61805 

1.55876 

0.56354 

0.690483 

1.1778 

0.627017 

1.77509 


1.0 

1.61812 

1.75812 

0.91652 

1.017735 

4.5450 

0.97579 

7.23228 

6 

1.0 

0.51763 

1.60653 

0.51032 

0.396229 

0.68364 

0.31611 

0.9016 


1.0 

0.70711 

1.69186 

0.61120 

0.768121 

1.8104 

0.730027 

2.84426 


1.0 

1.93349 

1.90782 

1.0233 

1.011446 

6.5128 

0.982828 

10.4616 

7 

1.0 

— 

1.68713 

— 

0.256170 

— 

0.155410 

— 


1.0 

0.55497 

1.71911 

0.53235 

0.503863 

1.0916 

0.460853 

1.64642 


1.0 

0.80192 

1.82539 

0.66083 

0.822729 

2.5755 

0.797114 

4.11507 


1.0 

2.2472 

2.05279 

1.1263 

1.008022 

8.8418 

0.987226 

14.2802 

8 

1.0 

0.50980 

1.78143 

0.50599 

0.296736 

0.67657 

0.237699 

0.89236 


1.0 

0.60134 

1.83514 

0.55961 

0.598874 

1.6107 

0.571925 

2.5327 


1.0 

0.89998 

1.95645 

0.71085 

0.861007 

3.4657 

0.842486 

5.58354- 


1.0 

2.5629 

2.19237 

1.2257 

1.005984 j 

11.5305 

0.990142 

18.6873 


(1) -3 dB Frequency 

(2) Frequency at which amplitude response passes through the ripple band. 


TABLE I. Low Pass Filter Parameters. 



NORMALIZED LOW PASS CHEBYSCHEV 

Table II gives a FORTRAN program for the 
determination of f n and Q for a general normalized 
Chebyschev low pass filter of any ripple and number of 
poles. Program inputs are the number of poles (N) and 
the peak-to-peak ripple (R). Program outputs are f n and 
Q, which are used exactly as the values taken from Table 
I. 

PI=3. 1415926536 
COMPLEX P(10) 

READ 5, N,R 
5 FORMAT (12, F8, 6) 

A=SQRT (EXP(R/4.3429448)-l) 

B=l./A 

AN=ALOG(B+SQRT(B* *2+ 1 .)) 

AN= AN/FLO AT(N) 

J=MOD(N,2)+N/2 
DO 10 K=l, J 

RP=SINH(AN)*SIN(PI*FLOAT(2*K-l)/FLOAT(2*N)) 
XIP=COSH( AN) *COS(PI * FLO AT(2 * K- 1 )/FLOAT(2 *N)) 
WN=SQRT(RP**2+XIP**2) 

Q=-WN/(2.*RP) 

P(K)=CMPLX(WN,Q) 

IF(MOD(N,2).NE.O AND.K.E Q.J)GO TO 15 
PRINT 20, P(K) 

GO TO 10 
15 F=REAL(P(K)) 

PRINT 30, F 
10 CONTINUE 

20 FORMAT(2X"FN="E20.8"Q="E20.8) 

30 FORMAT(2X"FN="E20.8) 

STOP 

END 

TABLE II. Low Pass Chebyschev Program 

BAND REJECT TRANSFER FUNCTION 

The band reject is achieved by summing the high pass and 
low pass UAF outputs. Either of the configurations in 
Figures 6 and 7 can be used to provide the band reject 
function if they are used as shown in Figure 5. 

The 15kH resistor is adjusted for maximum rejection. The 
circuit in Figure 5 is applicable when using design 
equations “A” (Alp = Ahp). When design equations “B” 
are used (A LP = IOAhp), the resistor at pin 1 must be 10 
times the resistor at pin 1 3 to obtain equal pass band gains 
above and below f n . 

In either case, the four external UAF resistors (Rg, Rq, 
Rfi and Rf 2 ) should be calculated for f 0 and Q of the band 
reject filter desired and for Alp to equal the desired 
passband gain. An input constraint is that the input 
voltage times A B p must not exceed the rated peak-to-peak 
voltage of the band pass output, or clipping will 
result. 



FIGURE 5. Band Reject Configuration. 


OFFSET ERROR ADJUSTMENT 

DC offset errors will be minimized by grounding pin 3 
through a resistor equal to 1/2 the value of Rfi or Rf 2 . 
The DC offset adjustment shown here may be used if 
required. 

Offset errors will increase with increases in Rf. 



+ Supply 



to pin 14 for band pass output 
to pin 8 for low pass or high pass 
output. 

•May be adjusted for best sensitivity. 


LOW PASS 
TRANSFORMATION 

LOW PASS TO HIGH PASS 

The following simple transformation may be used for 
high pass filters: 

1 

f n (high pass) = 

f n (low pass) 

Q (high pass ) = Q (low pass) 


LOW PASS TO BAND PASS 


The low pass to band pass transformation to generate f n 
(band pass) and Q (band pass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the FORTRAN program given in Table III. This 


program a utomates th e transformation 

s = p/2 ±V(p/2) 2 - 1- 
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DESIGN EQUATIONS “A” AND “B 


COMPLEX P,S,U 
READ 5, FN, Q, QBP 
5 FORMAT (3F12.5) 

Y=FN *SQRT( 1 .-(1 ./(Q*2.))* *2) 
X=-FN/(Q*2) 

P=CMPLX(X,Y) 

U=CONJG(P) 

DO 30 1=1,2 
S=P/(2.*QBP) 

P=S**2-1. 

T=ATAN2(AIMAG(P),REAL(P)) 
IF(T.GE.O) GO TO 10 
T=2.*3.141 59+T 
10 T=T/2 

A=SQRT(CABS(P))*COS(T) 

B=SQRT(CABS(P))*SIN(T) 

S=S+CMPLX(A,B) 

FN=CABS(S) 

Q=-FN /(2 . * REAL(S)) 

PRINT 20, FN,Q 

20 FORMAT (2X"FN = "F12.S" Q = "F12.5) 
IF(AIMAG(U).EQ.O) GO TO 40 
30 P=U 
40 STOP 
END 


TABLE III. Low Pass to Band Pass Transformation 
Program 

PROGRAM INPUTS: 

1. f n - From Table I for the low pass filter of interest 

2. Q - From Table I 

3. Qbp - Desired Q of the band pass filter 

For filters with an odd number of poles a Q of 0.5 should 
be used where Q is not given in Table I. Enter 10 5 for Q 
when transforming zeros on the imaginary axis. 

The program transforms each low pass pole into a band 
pass pole pair. Thus a three-pole low pass input, would 
result in the pole positions for a three pole pair band pass 
filter requiring three UAF stages. 

DENORMALIZATION OF PARAMETERS 

Table I shows filter parameters for many 2 to 8 pole 
normalized low pass filters. The Q and the normalized 
undamped natural frequency, f n for each two-pole section 
are shown. The Q values do not have to be denormalized 
and may be used directly as described in the DESIGN 
PROCEDURE SUMMARY. f„ must be denormalized 
by multiplying it by the desired cutoff frequency of the 
actual overall filter to obtain the required frequency, f Q 
for the design formulas. As an example, consider a 4-pole 
low pass Bessel filter with a cutoff frequency of 1000 Hz. 
The first stage would be designed to an f Q of 1432.41 Hz 
and a Q of 0.52193 while the second stage would have an 
f 0 of 1605.94 Hz and a Q of 0.80554. To combine the two 
stages into the composite filter the low pass output of the 
first stage (pin 1) would be connected to the input 
resistors (Rg) of the second stage. 


1. For f 0 below 8 kHz, either of equations “A” or“B” may 
be used. 

2. For f 0 above 8 kHz, equations “B” must be used. If 
equations “A” were used above 8 kHz, the filter could 
become unstable. 

3. Equations “A” are for the UAF as it is supplied. When 
using equations “B”, a 5.49kfl resistor must be placed 
in parallel with R 2 (between pins 12 and 13). 

4. The values of Rh and Ri 2 calculated with equations 
“B” are approximately one-third of those calculated 
with equations “A”. Thus there may be an advantage in 
using equation “B” at low frequencies. Using equation 
“B” would require use of one more resistor, but that 
would not alter or affect filter performance in any 
manner. 

5. Using the negative gain values for Alp or Ahp or Abp 
could result in the negative values for resistors Rg and 
Rq. So the absolute value of the gain should always be 
used in the equations. 


GAIN (A) 

1. The gain (V/V) of each filter section is: 

Alp - for low pass output - gain at DC 
Abp - for band pass output - gain at fo 

Ahp - for high pass output - gain at high frequencies. 

2. Refer to Figure 2 for full power response. When select- 
ing the gain, insure that the limits of the curve are not 
exceeded for the desired voltage range. 

NATURAL FREQUENCY (f 0 ) 

1. f 0 for each one pole-pair band pass filte r is the center 
frequency (fc). fc is defined as fc = y/Ufi where fi is the 
lower -3 dB point and f 2 is the upper -3 dB point of the 
pole pair response. 

2. To obtain f D below 100 Hz using practical resistor 
values, capacitors may be paralleled with Ci and C 2 to 
reduce the size of Rfi and R F 2 . If capacitors are added 
in parallel, 


Rfi (new) = Rf 2 (new) = Rfi (old) - 

C + 1000 pF 

where R f (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across Ci and C 2 (between pins 7 and 8 and pins 
1 and 14 and Rfi (old) is the value calculated in the 
simplified design equations. 
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Q-FACTOR f 0 

1. For band pass filters Q = 3 dB bandwidth 

2. When designing low pass filters of more than two poles, 
best results will be obtained if the two pole sections with 
lower Q are followed by the sections with higher Q. 
This will eliminate any possibility of clipping due to 
high gain ripple in high Q sections. 

3. Q repeatability (Q change from unit-to-unit) is 
typically ±5% for f 0 Q products less than 10 4 . The Q 
repeatability error increases as the f 0 Q product 
increases to approximately ±10% for f 0 Q products near 
10 5 . 


Qr PROCEDURE 

1. If the “f 0 times Q” product is greater than 10 5 , it is 
possible for the measured filter Q to be different from 
the calculated value of Q . This effect is the result of 
non-ideal characteristics of operational amplifiers. It 
can be compensated for by introducing the parameter 
Qp into the design equations. 

2. Calculate the f 0 Q product for the filter. If the product is 
above 10 5 Hz, locate the corresponding f 0 Q p product in 
Figure 4. Divide f 0 Q P by f G to obtain Q p . Use Q p as 
indicated in the design equations. For f 0 Q products 
below 10 5 Hz, Q p = Q. 


CONFIGURATION SELECTION GUIDE 


It is possible to configure the U AF4 1 three different ways. Each configuration 
produces features that may or may not be desirable for a specific application. 
This selection guide is given to assist in determining the ipost advantageous 
configuration for a particular application. 



NONINVERTING INPUT 

INVERTING INPUT 

BI QUAD 

Outputs Available 

BP, LP and HP 

BP, LP and HP 

BP and LP 

Outputs Inverted with respect 
to the Input 

BP 

HP and LP 

BP and LP 

Q & Gain Independent of 

Frequency Resistors? 

Yes 

Yes 

No 

Type of Q Variation 

With Changes in Rp 

Constant Q 

Constant Q 

Constant 

Bandwidth 

Other Advantages 

May eliminate one external 
resistor (use internal R 3 as Rg) 


Rg and Rq 
are small at high 
frequencies 

Parameter Limitations 

2 Qp - Agp > 1 (Eqns. “A”) 

3.48 Qp - Agp > 1 (Eqns. “B”) 

2 Qp + Agp > 1 (Eqns. “A”) 

3.48 Qp + Agp > 1 (Eqns. “B”) 

No HP 

Output 

Summary: The Bi-Quad filter is particularly useful as a band pass filter if the filter bandwidth must be kept constant as 
the center frequency is varied. If Q must be kept constant (i.e., constant Q of a band pass or maintaining a 
constant response of a low pass or high pass) one of the other two configurations should be used. The Bi-Quad 
also has the advantage that Rg and Rq are smaller than with the other two configurations (this is especially 
useful at high frequencies). The noninverting input configuration has the advantage that for AfiP = 1, 

Rq = 50k£2; therefore R 3 (internal) may be used so that only three external resistors are needed (Rpi, RF 2 > Rq)* 
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UAF41 CONFIGURATIONS AND DESIGN EQUATIONS 


SIMPLIFIED DESIGN EQUATIONS “A” 

I0 9 1.S92X10 8 

1 R F1 = R F2=137 = 


2. A bp - Q A Lp - Q A Hp 

5.0 x 10 4 Q 
r g a bp Q p 

5.0 x 10 4 


0 A Rp Op 

2Q P— 

SIMPLIFIED DESIGN EQUATIONS "B" t 
Must be used for f 0 > 8 kHz 

s/Tox 10 8 5.033 x IQ 7 


I. R 


FI " *F2 


r K2 = 


A bp Q p 


5.0 x 10* 

^bp Qp _ , 


SIMPLIFIED DESIGN EQUATIONS "A” 
I0 9 I.592 xl0 8 


. Rr. = Rp, =- 


2. A bp = Q p A lp - Q p A Hp 
_ 5.0 x IQ 4 Qp 


5.0 x 10* 
Q 2Q p + A bp 


SIMPLIFIED DESIGN EQUATIONS "B” t 
Must be used for f Q > 8 kHz 

v/ToxIO 8 5.033 x 10 7 
I R F1 " R F2 = “ = } 

Q P 

2 - A BP = TT? A LP =3 , 6 QP A HP 


- - 1.58 x I0 4 Qp 

3 - R G " “7 

a bp 

5.0 x 10 4 

4 - R Q = 3.48 Qp + A bp - 1 


NONINVERTING INPUT CONFIGURATION 



FIGURE 6. Noninverting Input Configuration. 


INVERTING INPUT CONFIGURATION 


R i 



FIGURE 7. Inverting Input Configuration. 


BI-QUAD CONFIGURATION 


SIMPLIFIED DESIGN EQUATIONS “A" 

10 9 1.592 x 10 s 

1. R f , = Rpj = £-= " 

'o 

2. A br = Q A Lp 

3. Rq = Qp Rp, 

R Q 

4. R G = — 

a bp 

SIMPLIFIED DESIGN EQUATIONS *‘B” t 

Must be used for f G > 8 kHz 

•JTox 10 s 5.033 xIO 7 

1 Rpi - R F2 = — 


2. A Bp =3.16QA L p 


3. Rq = 3. 1 6 Qp Rpj 


4 - R c = 


Rq_ 

a bp 


RP2* 



FIGURE 8. Bi-Quad Configuration. 

t To use equations “B” connect a 5.49k resistor between pins 12 and 13. 


Equations “B” are also valid for frequencies below 8kHz. 
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DETAILED TRANSFER FUNCTION EQUATIONS 


The following equations show the action of all the internal and external UAF41 filter 
components. They are not required for regular design procedure, but could be used if a 
detailed analysis is required. 


NONINVERTING INPUT CONFIGURATION 

R o 


L W ° R i R Fl R F2 C l C 2 


2. Q = 


R 4 ( R G + R Q) 

— — — ( R2 Rpl Cl 


3. Q A LP = Q A„ p ) = A bp (^£ 1^1)14 


R G (r q + Rq + r 4 > 


r 2 


'Htp-R- -u* i i 1 

R g (r g + Rq + 


^BP " R r 


INVERTING INPUT CONFIGURATION 




R , R F1 R F2 C 1 C 2 


2Q=(1 + r?; ) (T 


O 1 — — — ) R , R 2 R F2 C 2 

y r^r^Rg 12 1-2 2 


Kj ( 1 . 1 1 1 

3. Q A L p- Q A hp (r 2 >- A bp R 2 R F2 C 2 


R- R 


2 . ^2 


5 . a H p = — a lp 

R i r g 


R G(^ + r^ + rB> 


BI-QUAD CONFIGURATION 

1 ^ R 2 
‘ W ° R 1 R F1 R F2 C 1 C 2 


2. Q - Rq C 2 w 0 

Q a LP r Q 

3 - a bp = Wo r K2 c 2 = 


ACTIVE FILTER DESIGN EXAMPLES USING THE DESIGN PROCEDURE 
OUTLINED IN DESIGN STEPS SECTION. 


Example 1. 

It is desired to design a 3 pole, 0.5dB ripple, Chebyschev 
High Pass Filter; the cut off frequency f c = 2 kHz, Gain 
Ahp = +1. 

Step 1. 

The type of transfer function (high pass), the type of 
response (Chebyschev), number of poles (3), and the cut 
off frequency (f c ) are chosen depending upon the 
particular application and are stated in the example. 

Step 2. 

Normalized low pass filter parameters f n and Q are 
obtained from Table I (or from program shown in 
Table II). 

Complex Poles: 
f n = 1.068853] 

Q = 1.7062 J 
Simple Pole: 
f n = 0.626456 

Step 3. 

Now, since the actual response desired is high pass, the low 
pass to high pass transformation must be made as shown 
in LOW PASS TRANSFORMATION. 


f„ (h.gh pass) = ^ , Qhp = Q lf 

For Complex Poles: 

fn = 1.068853 = °* 935582 
and Q= 1.7062 

1 

For Simple Pole: f n = - £26456 ~ 

Step 4, 

Now, determine the actual (denormalized) frequency, 
fo = f c x f n = 2 kHz x 0.935582 
= 1871.2 Hz 
Step 5. 

Refer to the CONFIGURATION SELECTION GUIDE. 
Since the gain required is positive, the HP output is not 
inverted with respect to the input. Therefore, the 
noninverting input configuration must be selected. Note 
that the HP output is not available with the Bi-Quad 
configuration. 

Step 6. 

Since f 0 < 8 kHz, Equations “A” would be used. 
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Step 7. 

For the Complex Poles Stage of the filter, using the 
equations “A”, 

1.592 x 10* 

Rn — Rf 2 — 187| 2 — 85.08 kfl 


Step 8. 

f„ Q = 1871.2 x 1.7062 = 3.19 x 10 3 
••• f„ Q < 10 5 
Qp = Q = 1.7062 
Step 9. 

Abp = Qp X Ahp = 1.7062 x 1 = 1.7062 


S.O x 10 4 X 1.7062 
1.7062 x 1.7062 


= 29.3 kfi 


5.0 x 10 4 

Rq ' 2 x 1.7062 - 1.7062 - 1 


= 70.8kn 


The above obtained resistor values are for the complex 
pole pair of the first stage of the required active filter. The 
simple pole obtained as outlined below, using the 
uncommitted op amp in the UAF41 makes the second 
stage of the required filter. 

For the simple pole f n was obtained in the step 3. 
f n = 1.596281 

The actual (denormalized) frequency = f c x f n 
= 2 kHz x 1.596281 = 3192.6 Hz 


Now, f = 

•. RC = - 


1 

2t r RC 
1 


2tt f 


1 

2ttx 3192.6 


= 4.9851 x I0 -5 


Choosing C = 2200 pF (or any convenient value), 


4.9851 x 10 s 
2200 x 10“ 12 


= 22.66 kO 


Note: 

R and / or C may be chosen in any convenient manner to 
obtain the desired RC product. 

The overall circuit for the requried filter is shown below: 


Example 2. 

It is desired to design a 4 pole Butterworth, Band Pass 
Filter, with Q = 25, f c = 19 kHz and Abp = 1. 

Using the computer program shown in Table III, the 
following values of f n and Q are obtained. 

f n = 1.0142435 , Q = 35.36541 
and f„ = 0.9859565 , Q = 35.35886 
Using the above shown values of Q and f n , we now will 
proceed to design the two stages of filter separately. 
Any one of the three configurations shown in the 
CONFIGURATION SELECTION GUIDE can be used. 
We will select the noninverting input configuration. 


For Stage 1 

f 0 = 19 kHz x f n = 19 kHz x 1.0142435 
= 19270.6 Hz 

Since f G > 8 kHz, equations “B” would be used. 

5.033 x 10 7 

Rfi — Rf2 — 19270 6 — 2.61 18 kfl 

f 0 Q = 19270.6 x 35.36541 = 6.815136 x 10 5 

Since f 0 Q > 10 5 , locate the corresponding f 0 Q P from 

Figure 4. 

Divide f 0 Q P by f G to obtain Q p . 

Thus Q p = 48.78 


Rg = 


5.0 x 10 4 x 35.36541 
1 x 48.78 


= 36.25kH 


Rq = 


5.0 x 10 4 


3.48 x 48.78 -flf- 1 


= 298. m 


For Stage 2, 

Following the same procedure as shown for Stage 1 
above, the values shown below are obtained. 

f„ Q = 6.624 x 10 s , Using Figure 4, Qr = 48.04 


Rfi = R F 2 = 2.6867 kfl 


Re = 36.8 kfl 
and Rq = 303.4 Cl 

The overall circuit for the required filter is shown below. 



FIGURE 9. Overall Circuit - Example 1. 



FIGURE 10. Overall Circuit - Example 2. 
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Example 3. 

It is desired to design a 5 pole Bessel, Low Pass Filter with 
f c = 3.3 kHz and Alp =1. 

From Table I, the following values of f 0 and Q are 
obtained. 

Complex Poles: 
f„ = 1.558761 
Q = 0.56354 J 
f n = 1.758121 
Q = 0.91652 J 
Simple Pole: 
f n = 1.50470 


Using the above shown values of f n and Q, we now will 
proceed to design the three stages of filter separately. 
Any one of the three configurations can be used. We 
will select inverting configuration. 

For Stage 1. 

fo = 3.3 kHz x f n = 3.3 kHz x 1.55876 = 5144 Hz 


Since f 0 < 8 kHz, equations “A” would be used. 


RPI — Rf2 — 


1.592 x 10 8 
5144 


= 30.95 kfi 


fo Q = 5144 x 0.56354 = 2.9 x 10 3 
fo Q < 10\ Q P = Q = 0.56354 
Abp = Qp Alp = 0.56354 x I = 0.56354 


Rg — 


5 x 10 4 x 0.56354 
0.56354 


50 kO 


Rq = 


5 x 10 4 


2 x 0.56354 4- 0.56354 - 1 


= 72.4 kfl 


For Stage 2. 

f 0 = 3.3 kHz x f„ = 3.3 kHz x 1.75812 = 5802 Hz 
Since f 0 < 8 kHz, equations “A” would be used. 

1.592 x 10 8 


Rf. — Rf2 — 


= 27.44 kO 


5802 

fo Q = 5802 X 0.91652 = 5.32 x 10 3 
fo Q < 10\ Qp = Q = 0.91652 
Abp = Qp Alp = 0.91652 x 1 = 0.91652 

5 x 10 4 x 0.91652 . ^ 

Rg 0.91652 ~50kn 


R q = 


5 x 10 4 


2 x 0.91652 + 0.91652 - 1 


= 28.58 kO 


For Stage 3. 

f = 3.3 kHz x f n = 3.3 kHz x 1.50470= 4966 Hz 
For the simple pole. 


RC = 


R = 


1 

277 + 


3.2049 x 10" 


2tt x 4966 
3300 pF (or any convenient value) 
3.2049 x 10 f 


- = 9.71 kH 


3300 x 10 1 
The overall circuit is shown below. 
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DATA CONVERSION 
AND ACQUISITION 



The Burr-Brown data conversion and acquisition product line includes 
components necessary to multiplex and convert signals from analog-to- 
digital form and digital-to-analog form. These components are produced in 
four product types: digital-to-analog converters, analog-to-digital con- 
verters, sample/hold circuits, and multiplexers. 

These products were designed to make their applications easy. Most units 
are complete, requiring no external components. All D/A converters include 
an internal reference and most have an output voltage amplifier. A/D 
converters come with internal clock, reference, and comparator. Many 
sample/hold circuits have an internal holding capacitor. The multiplexers 
contain input protection circuitry to prevent damage from input overvoltages. 

If your system requires data acquisition and conversion, you will want to 
consider one of our predesigned System Data Modules (SDM). Each 
contains a multiplexer, instrumentation amplifier, sample/hold circuit, A/D 
converter, and timing and control logic. The microperipheral components 
are SDM’s that have address decoding and specialized control logic making 
them compatible with most of the available microprocessors. These sub- 
systems, tested at the factory, have a proven record of reliability. 

True 16-bit accuracy performance will soon be available in the ADC73, an 
advanced design successive approximation A/D converter, guaranteed to 
have no morethan ±0.00075% linearity error. Introduction is planned for2nd 
quarter 1982. 

Burr-Brown data acquisition components - quality and reliability at low cost. 
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SELECTION GUIDE 
Data Conversion and Acquisition 


Operating temperature range 0°C to 70°C, and parameters are typical unless otherwise noted. 


| ANALOG-TO-DIGITAL CONVERTERS | 



Resolu- 

Linearity, 

Conver- 

Accy. Drift 

Input 








tion 

max 

sion Time, 

Bipolar, max 

Range 

Temp 


Price $ 


Description 

ModelC) 

i Bits' 

' % of FSR 

maxi/isec. 

( ppm FSR/°C 

v. 

Ranged) 

Package 

Units 

100's 

Page 

Low Cost 

ADC80AG-10(3) 

10 

±0.048 

21 

±23 

±2.5, ±5, 

Ind 

DIP 

85.00 

46.00 

6-48 


ADC80AG-12(3) 

12 

±0.012 

25 

±23 

±10, ±5, ±10 

Ind 

DIP 

87.00 

48.00 

6-48 

Low Cost, 

ADC82AG 

8 

±0.2 

2.8 

±75 

(±2.5, ±5, ±10 

Ind 

DIP 

69.00 

48.00 

6-56 

High Speed 

ADC82AM, iQ > 

8 

±0.2 

2.8 

±75 

±5, ±10, ±20 

Ind 

DIP 

93.80 

62.60 

6-56 


ADC84KG-10 

10 

. ±0.048 

6 

±23 


Com 

DIP 

105.00 

72.00 

6-64 


ADC84KG-12 

12 

±0.012 

10 

±23 


Com 

DIP 

119.00 

75.00 

6-64 

Low Drift, 

ADC85C-10 

10 

±0.048 

6 

±53 

±2.5, ±5. 

: Com 

DIP 

119.00 

99.00< 7 ) 

6-64 

High Speed 

ADC85-10 

10 

, ±0.048 

6 

±28 

±10, -t-5, ±10 

Ind 

DIP 

143.00 

120.00 '(7) 

6-64 


ADC85C-12, iQ 

12 

±0.012 

10 

±30 


Cbm 

DIP 

132.00 

108.00i( 7 ) 

6-64 


ADC85-12, (Q ' 

12 

±0.012 

10 

±19 


Ind 

DIP 

172.00 

129.00 (7) 

6-64 

High 

ADC71JG 

16 

±0.006 

50 

±25 


Com 

/Ceramic 

168.00 

122.00 

6-24 

Resolution 

ADC71KG 

16 

±0.003 

50 

±25 


Com 

{ 32-pin 

210.00 

152.00 

6-24 







+2.5, 


\ DIP 





ADC72AM 

16 

±0.006 

50 

±25 

±5. 

Ind 

/ Metal 

269.00 

194.00 

6-32 


ADC72BM 

16 

±0.003 

50 

±25 

±10, 

Ind 

/Hermetic 

295.00 

213.00 

6-32 


ADC72JM 

16 

±0.006 

50 

±30 

0 to. ±5, 

Com 

| 32-pin , 

225.00 

162.00 

6-32 


ADC72KM 

16 

±0.003 

50 

±30 

0 to ±10, 

0 to ±20 

Cbm 

\ DIP 

265.00 

191.00 

6-32 


ADC76JG 

16 .j 

±0.006 

15 

±30 

Com 

/Ceramic 

229.00 

165.00 

6-40 


ADC76KG 

16 

±0.003 

15 

±30 


Com 

< 32-pin 

265.00 

191.00 

6-40 









l DIP 




Very-Wide 

ADC10HT 

12 

±0.012 

50 

±34 

±5, ±10 

-55°C to 

/Ceramic 

485.00 

395.00 

6-8 

Temp Range 

ADC10HT-1 

12 

±0.048 

50 

±63 

±5, ±10 

+200° C 

< 28-pin 

448.00 

365.00 

6-8 









\ DIP 




Very-High 

ADC60-08 

8 

±0.195 

0.88 

±20 

/ ±2.5, ±5 

Com 

Module 

285.00 

207.00 

6-18 

Speed 

ADC60-10 

10 

±0.0488 

1.88 

±20 

< ±10. ±5 

Com 

Module 

316.00 

228.00 

6-18 


ADC60-12 

12 

±0.0244 

3.50 

±15 

\ ±10, ±20 

Com 

Module 

326.00 

235.00 

6-18 

Military 

ADC87/MIL 




See Military Products 







Series 











High 

Resolution 

ADC100-SMD 

1 

4 digit ± sign 

±0.005 

30msec 

±5 

±10 

Com 

Module 

376.00 

285.00(7) 

6-72 


PCM ANALOG-TO-DIGITAL CONVERTERS FOR AUDIO 




Resolution 

Total Harmonic 
Distortion 

Conversion 

Time 

Input Range 

Temp 

Dynamic 

Price ($i 


Description 

Model 

(Bits) 

( max ) 

i max > 

(Vi 

Ranged) 

Range 

Units 

100’s 

Page 

Audio 

Converter^) 

PCM75KG 

16 

0.02% at -15dB 

17^sec(6) 

±2.5, ±5, 

±10 

Com 

90dB 

249.00 

189.00 

6-298 


PCM75JG 

14(5) 

0.05% at -15dB 

15/xsec(6) 

±2.5, ±5, 

±10 

Com 

9QdB 

198.00 

145.00 

6-298 


NOTES: 1 ) “(Q)" indicates product also available with screening for increased reliability. 2) Com =0 to ±70°C; Ind = -25°C to +85°C; Mil = -55°C to +125°C. 
3) “Z” models operate from ±12VDC supply. 4) Internal 16-bit DAC available to user. 5) Can be operated at 16-bits. 6) Can be reduced to 8Msec. 7)25-99 
quantity. 
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DIGITAL-TO-ANALOG CONVERTERS 
lAccy. Drift.! ! 




Resolu- 

Linearity 

Bipolar 


Settling 








tion 

max 

max 1 ppm 

Output 

Time ■ FSR, 

Temp 


Price 

M$ 


Description 

Modeld) 

1 Bits' 

< % of FSR i 

of FSR/°C- 

Ranges 

±1/2LSB ' 

Range(2) 

Package 

Units 

100 s 

Page 

Monolithic(3) 

DAC800-CBI-I 

12 

±0.012 

±25(5) 

±1. -2mA 

300nsec 

Com 

i 24-pin 

23.95 

15.95 

6-183 

12-Bit 

DAC800-CBI-V 

12 

±0.012 

±25 

I ±2.5, ±5, ±10V 

3m sec 

Com 

< DIP 

29.95 

19.50 

6-183 






( ±5, +10V 



\ 





DAC850-CBI-I 

12 

±0.012 

±17(5) 

±1, -2mA. 

300nsec 

Ind 

/Hermetic 

39.00 

28.00 

6-190 


DAC850-CBI-V 

12 

±0.012 

±17 

J ±2.5, ±5. ±10, 

' 3/iSec 

Ind 

J 24-pin 

47.00 

34.00 

6-190 






{ +5, ±10V 



( DIP 





DAC851-CBI-I 

12 

±0.012 

±30(5) 

±1, -2mA, 

300nsec 

Mil 

/Hermetic 

105.00 

69.00 

6-190 


DAC851-CBI-V 

12 

±0.012 

±30 

f ±2.5, ±5, ±10, 

3m sec 

Mil 

{ 24-pin 

120.00 

79.00 

6-190 






\ ±5, +10V 



\ DIP 




Low Cost 

DAC8O-CBI-K 4 ) 

12 

±0.012 

±25(5) 

±1.0, -2mA 

300nsec 

Com 

DIP 

34.25 

22.00 

6-152 


DAC80-CBI-V(4) 

12 

±0.012 

±25 

j ±2.5, ±5, ±10 

3m sec 

Com 

DIP 

36.50 

22.95 

6-152 






\ ±5, ±10V 

. 







DAC80-CCD-K4) 

3 digits 

±0.025 

±25(5) 

0 to -2mA 

300nsec 

Com 

DIP 

34.50 

.22.00 

6-152 


DAC80-CCD-V(4) 

3 digits 

±0.025 

±25 

Oto+IOV 

3Msec 

Com 

DIP 

36.50 

22.95 

6-152 

Low Drift 

DAC85-CBI-I, <Q< 

12 

±0.012 

±20(5) 

±1.0, -2mA 

300nsec 

Ind 


104.00 

84.50(6) 

6-170 


6AC85-CBI-V, <Q> 

12 

±0.012 

±20 

( ±2.5, ±5, ±10 

3nsec 

Ind 

/ 

107.00 

86.50(6) 

6-170 






\ +5, +10V 



1 Metal 





DAC85C-CBI-I.I Q 1 

12 

±0.012 . 

±30(5) 

±1.0, -2mA 

300nsec 

Com 

/Hermetic 

77.00 

66.00(6) 

6-170 


DAC85C-CBI- V, 1 Q 1 

12 

±0.012 

±30 

i ±2.5, ±5, ±10 

3Msec 

Com 

| 24-pin 

79.00 

68.00(6) 

6-170 


1 _ .. _ . . 




( +5. ±10V 



1 DIP 



. 


DAC85LD-CBI-V 

! 

12 

±0.012 

±5 

±2.5, ±5, ±10 

3m sec 

Ind 


142.75 

129.50(6) 

6-170 






±5, ±10V 







High 

DAC70-CSB-I 

16 

±0.003 

±9(5) 

0 to -2mA 

50Msec 

Ind 


177.50 

140.75(6) 

6-101 

Resolution 

DAC70-COB-1, 1Q1 

16 

±0.003 

±9(5) 

±1 mA 

50Msec 

Ind 

j Metal 

177.50 

140.75(6) 

6-101 


DAC70C-CSB-I 

16 

±0.005 

±21(5) 

0 to -2mA 

50Msec 

Com 

J Hermetic 

124.25 

98.53(6) 

6-101 


DAC70C-COB-I 

16 

±0.005 

±21(5) 

±1mA 

50Msec 

Com 

| 24-pin 

124.25 

98.53(6) 

6-101 


DAC70-CCD-I 

4 digits 

±0.003 

±9(5) 

0 to -2mA 

50Msec 

Ind 

I DIP 

177.50 

140.75(6) 

6-101 


DAC70C-CCD-I 

4 digits 

±0.005 

±21(5) 

0 to -2mA 

50fj.sec 

Com 

V 

124.25 

98.53(6) 

6-101 


DAC71-CSB-I 

16 

±0.003 

±15(5) 

0 to -2mA 

1 m sec 

Com 

DIP 

62.00 

46.00 

6-109 


DAC71-COB-I 

16 

±0.003 

±15(5) 

±1mA 

Vsec 

Com 

DIP 

62.00 

46.00 

6-109 


DAC71-CCD-I 

4 digits 

±0.005 

±15(5) 

0 to -2mA 

Vsec 

Com 

DIP 

62.00 

46.00 

6-109 


DAC71-CSB-V 

16 

±0.003 

±15 

0 to ±10V 

lOMsec 

Com 

DIP 

65.00 

52.00 

6-109 


DAC71-COB-V 

16 

±0.003 

±15 

±10V 

lOMsec 

Com 

DIP 

65.00 

52.00 

6-109 


DAC71-CCD-V 

4 digits 

±0.005 

±15 

0 to ±10V 

lOMsec 

Com 

DIP 

65.00 

52.00 

6-109 


DAC72C-CSB-I 

16 

±0.003 

±15(5) 

0 to -2mA 

Vsec 

Com 


79,00 

52.00 

6-119 


DAC72C-COB-I 

16 

±0.003 

±15(5) 

±1mA 

Vsec 

Com 

J Metal 

79.00 

52.00 

6-119 


DAC72C-CCD-I 

4 digits 

±0.005 

±15(5) 

0 to -2mA 

Vsec 

Com 

1 Hermetic 

79.00 

52.00 

6-119 


DAC72C-CSB-V 

16 

±0.003 

±15 

Oto+IOV 

lOMsec 

Com 

\ 24-pin 

87.00 

58.00 

6-119 


DAC72C-COB-V 

16 

±0.003 

±15 

±10V 

lOMsec 

Com 

I DIP 

87.00 

58.00 

6-119 


DAC72C-CCD-V 

4 digits 

±0.005 

±15 

Oto+IOV 

lOMsec 

Com 


87.00 

58.00 

6-119 


DAC72-CSB-I 

16 

±0.003 

±8(5) 

0 to -2mA 

Vsec 

Ind 


89.00 

60.00 

6-119 


DAC72-COB-I 

16 

±0.003 

±8(5) 

±1mA 

Vsec 

Ind 

| Metal 

89.00 

60.00 

6-119 


DAC72-CCD-I 

4 digits 

±0.005 

±8(5) 

0 to -2mA 

Vsec 

Ind 

1 Hermetic 

89.00 

60.00 

6-119 


DAC72-CSB-V 

16 

±0.003 

±8 

Oto+IOV 

lOMsec 

Ind 

\ 24-pin 

101.00 

67.00 

6-119 


DAC72-COB-V 

16 

±0.003 

±8 

±10V 

lOMsec 

Ind 

I DIP 

* 

101.00 

67.00 

6-119 


DAC72-CCD-V 

4 digits 

±0.005 

±8 

Oto +10V 

lOMsec 

Ind 


101.00 

67.00 

6-119 

High- 

DAC73J 

16 

±0.0015 

±18 

( ±2.5, ±5, ±10 

50Msec 

Com 

Module 

242.00 

193.00 

6-129 

Resolution 

DAC73K 

16 

±0.00075 

±10.5 

1 +5V, +10V 

50Msec 

Com 

Module 

286.00 

228.00 

6-129 

Highly 

DAC736J 

16 

±0.0015 

±18 

I 0 to -2mA 

50/xsec 

Com 

Module 

220.00 

175.00 

6-129 

Accurate 

DAC736K 

16 

±0.00075 

±10.5 

1 ±1mA 

50Msec 

Com 

Module 

260.00 

206.00 

6-129 

Very-Wide 

DAC10HT 

12 

±0.012 

±20 

1 ±2.5, ±5, ±10, 

200nsec 

-55°C to 

/ Ceramic 

295.00 

165.00 

6-80 

Temperature 

DAC10HT-1 

12 

±0.048 

±50 

\ +5, +10 

200nsec 

+200° C 

7 24-pin 

273.00 

150.00 

6-80 

Range 








[ DIP 




Very-High 

DAC60-10 

10 

±0.048 

| ±15(5) 

I 0 to -5mA 

40 nsec 

Com 

Module 

158.00 

106.00 

6-88 

Speed 

DAC60-12 

12 

±0.012 

±15(5) 

| ±2.5mA 

150nsec 

Com 

Module 

172.00 

114.00 

6-88 

Ultra-High 

DAC63BG 

12 

±0.012 

±40 

±5, -10mA 

35nsec 

Ind 

/ Ceramic 

108.00 

83.00 

6-93 

Speed 

DAC63CG 

12 

±0.012 

±30 

±5, -10mA 

35 nsec 

Ind 

l 24-pin 
[ DIP 

119.00 

92.00 

6-93 
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| DIGITAL-TO-ANALOG CONVERTERS continued \ 

Description 

Modeld) 

Resolu- 

tion 

(Bits) 

Linearity 

max 

(% of FSR 

Accy. Drift, 
Bipolar 
max ( ppm 
of FSR/°C> 

Output 

Ranges 

Settling 
Time FSR, 
±1/2LSB 

Temp 

Ranged) 

Package 

Price i$' 
Units | 100’s 

Page 

Military 

DAC87/MIL See Military Products 

Series 


Low Cost 

DAC82KG 

8 

±0.16 

±50 

±2.5, ±5, ±10 
±5, ±10. ±0.8, 

0 to -1.6mA 

2.5>isec 

Com 

DIP 

33.90 

22.70 

6-163 

Monolithic 

8-Bit 

DAC90BG, (Q. 
DAC90SG, ( Q i 

8 

8 

±0.2 

±0.2 

±75(5) 

±75(5) 

±1, -2mA 
±1, -2mA 

200nsec 

200nsec 

Ind 

Mil 

DIP 

DIP 

19.40 

26.50 

13.00 

17.70 

6-178 

6-178 

PCM Audio 
Converter 

PCM50KG 

See PCM Digital-to-Analog Converters for Audio 

; 


PCM DIGIT AL-TO-ANALOG CONVERTERS FOR AUDIO | 

Description 

Model 

Resolution 
• Bits • 

Total Harmonic 
Distortion 

max ' 

Settling 

Time 

Output Range 

V 

Temp 

Ranged) 

Dynamic 

Range 

Price i$ 

Page 

Units | 100’s 

PCM-Audio 

D/A Converter 

PCM50KG 

PCM51JG 

16 

16 

0.02% at -15dB 
0.04% at -15dB 


±10, ±5 
±10. ±5 

Com 

Com 

96dB 

96dB 

75.00 1 49.75 

Contact factory 

6-281 

6-289 


NOTES: 1 ) “(Q)” indicates product also available with screening for increased reliability. 2 1 Com =0 to ±70°C; lnd = -25 0 C to±85°C; Mil = -55°Cto±125°C. 
3) In -V models the output op amp is on a second chip. 4) “Z” models operate from ±12VDC supply. 5) When used with an external op amp which uses the 
internal feedback resistor. 6) 25 - 99 quantity. 


| SELF-CALIBRATING DIGITAL-TO-ANALOG CONVERTER | 

Description 

Model 

Resolution 

Total Accuracy 
±15 to ±45°C 

Output 

Ranges 

Calibration 

Time 

Package 

Price $ 
Units 

Page 

Precision, 

High- 

Resolution 

DAC74 

16-bits 

±0.0015%, max 

0 to ±10V 
±10V 

2.5 sec 

7" x 5" x 0.6" 
metal 

$1495.00 

6-137 

| POWER DACS | 





Input 



Tempco 


Output 

Voltage 

Output 

Current 


Price ($i 


Description 

Model 

Coding 

Accuracy 

(ppm FSR/°C’ 


■ V< 

imA> 

. 

Package 

Units 

25-99 


Low Cost, 

Open PC Card 

4804 

12-bit binary 

±0.05% of 
reading 

50, max 

User-selected 
to ±30 

±2000 

PC card 

259.00 

182.00 

6-381 


V/F CONVERTERS 

Description 

Modeld) 

Frequency 
Range 
i kHz 

Vin 

Range 

V 

Linearity 
% of FSR max 

Tempco 
ppm of FSR/°C 

max 

Temp 

Range(2) 

Package 

Price $ 

Page 

Units 

100’s 

Low Drift, 

VFC12 

Oto 10 

Oto ±10 

±0.01 

50 

Ind 

Module 

54.50 

36.50 

6-360 

Complete 

VFC15 

Oto 20 

0 to ±20 

±0.01 

50 

Ind 

Module 

57.75 

38.65 

6-360 

Very-Low Drift, 

VFC12LD 

Oto 10 

Oto ±10 

±0.005 

10 

Ind 

Module 

83.50 

56.75 

6-360 

Complete 

VFC15LD 

Oto 20 

0 to ±20 

±0.005 

10 

Ind 

Module 

85.50 

59.00 

6-360 

Low Cost, 

VFC32KP 

User-selected, 


±0.01 at 10kHz 

±150 

Com 

DIP 

10.15 

6.15 

6-367 

Monolithic 

VFC32BM, (Q i 

500kHz, max 

User-selected 

±0.05 at 100kHz 

±150 

Ind 

TO-100 

14.90 

8.35 

6-367 


VFC32SM, i Q i 



±0.2 at 500kHz 

±150 

Mil 

TO-100 

19.70 

11.85 

6-367 

Military 

VFC32/MIL 



See Military Products 







Series 










Low Cost, 

VFC42BP 

Oto 10 

Oto ±10 

±0.01 

±100 

Ind 

DIP 

19.75 

14.50 

6-375 

Complete, 

VFC42SM 

OtolO 

Oto ±10 

±0.01 

±100 

Mil 

DIP 

33.40 

22.75 

6-375 

Hybrid 

VFC52BP 

Oto 100 

Oto ±10 

±0.05 

±150 

Ind 

DIP 

19.75 

14.50 

6-375 


VFC52SM 

Oto 100 

Oto ±10 

±0.05 

±150 

Mil 

DIP 

33.40 

22.75 

6-375 


NOTES: 1 ) “iQi” indicates product also available with screening for increased reliability. 2 < Com = 0 to +70°C; Ind = -25°C to ±85°C; Mil = -55°C to +125°C. 
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DATA ACQUISITON SYSTEMS 









Resolution 

Throughput 

Accuracy 

Throughput 

Rate 


Pric 

e $ 


Description 

Model 

Channels 

Bits 

■ % of FSR 

kHz 

Package 

Units 

100’s 

Page 

Modular 

SDM853 

j 16 single-ended 
| 8 differential 

12 

±0.025 

30H) 

Module 

365.00 

256.00 

(3) 

6-308 

Low Level 

SDM858 

f 16 single-ended 
( 8 differential 

12 

±0.025(2) 

8d) 

Module 

369.00 

265.00 

(3) 

6-336 

Hybrid 

SDM854AG 

j 16 single-ended 

12 

±0.048 

40 

QIP 

220.00 

165.00 

6-314 

±10V Input 

SDM854BG 

\ 8 differential 

12 

±0.024 

29 

QIP 

246.00 

185.00 

6-314 

Hybrid 

SDM856JG 

( 

12 

±0.048 

33 

QIP 

174.00 

125.00 

6-330 


SDM856KG 

1 16 single-ended 

12 

±0.024 

25 

QIP 

219.00 

158.00 

6-330 

Hybrid 

SDM857JG 

j 8 differential 

12 

±0.048 

25 

QIP 

194.00 

130.00 

6-330 

Low Level 

SDM857KG 

l 

12 

±0.024 

18 

QIP 

242.00 

162.00 

6-330 


NOTES: 1 ) Can be increased if short-cycled to 8- or 10-bit resolution. 2i At gain = 100. 3i 50 - 99. 


MICROPROCESSOR INTERFACED ANALOG INPUT SYSTEMS 

Description 

Model 

Channels 

Resolution 

Accuracy 
% of FSR max 

Tempco 
ppm/°C max 

Package 

Price 

Units 

$ 

100’s 

Page 

8080- SC/MP- 
Compatible 

MP20 

8 differential 

16 single-ended 

8 bits 

±0.8. high 
±0.4, low 

±40 

QIP 

280.00 

222.00(2) 

6-205 

6800- , 6502- 
Compatible 

MP21 

8 differential 

16 single-ended 

8 bits 

±0.8. high 
±0.4, low 

±40 

QIP 

280.00 

222.00(2) 

6-217 

Universal 

MP22BG 

8 differential 

16 single-ended 

12 bits 

±0.4, high 
±0.1 , low 

±25(D 

QIP 

324.00 

241.00(2) 

6-229 

High- 

Accuracy 

MP32BG 

MP32CG 

8 differential 

16 single-ended 

12 bits 

12 bits 

±0.05 

±0.025 

±60 

±60 

QIP 

QIP 

339.00 

429.00 

267.00 

286.00 

6-237 

MICROPROCESSOR INTERFACED ANALOG OUTPUT SYSTEMS 

Description 

Model 

Channels 

Resolution 

Accuracy 
% of FSR max 

Tempco 
ppm/°C max 

Package 

Price $ 

Units | 100’s 

Page 

8080- , SC/MP- 
Compatible 

MP10 

2 

8 bits 

±0.4 

±80 

DIP 

141.00 

94.00 

6-197 

6800- , 6502- 
Compatible 

MP1 1 

2 

8 bits 

±0.4 

±80 

DIP 

141.00 

94.00 

6-197 


NOTES: 1 > Unipolar, excluding IA. 2 25 - 99 quantity. 





MULTIPLEXERS 






Description 

Model 

Channels 

Input 

Range 

• v. 

On 

Resistance 

max 

Crosstalk 
% of OFF 
Channel Signal 

Settling 
Time 
to 0.01% 

Package 

Price 

Units 

$ 

100’s 

Page 

Protected 

MPC8S 

8 single 

±15 

1.8kfl 

0.005 

5/usec 

DIP 

12.97 

9.50 

6-267 

Inputs 

MPC4D 

4 differential 

±15 

1.8k!l 

0.005 

5/usec 

DIP 

12.97 

9.50 

6-267 


MPC16S 

16 single 

±15 

1.8kft 

0.005 

7/usec 

DIP 

23.21 

17.00 

6-274 


MPC8D 

8 differential 

±15 

1.8kll 

0.005 

7/usec 

DIP 

23.21 

17.00 

6-274 

High 

MPC800KG 

J 16 single or 

±15 

750H 

0.004 

800nsec 

DIP 

30.71 

22.50 

6-253 

Speed 

MPC800SG 

| 8 differential 

±15 

75011 

0.004 

800nsec 

DIP 

61.43 

45.00 

6-253 


MPC801KG 

( 8 single or 

±15 

7501 1 

0.004 

800 nsec 

DIP 

16.00 

| 11.72 

6-260 


MPC801SG 

l 4 differential 

±15 

75011 

0.004 

800nsec 

DIP 

33.12 

24.26 

6-260 













SAMPLE/HOLD CIRCUITS 




Gain/Offset 

Error 

Charge 

Offset 

Droop 

Rate 

Tempco 
ppm of 

Acquisition 

Time 


Price 

$ 


Description 

ModelO) 

'%< i mV ' 

'mV 

' mV/msec 

20V/°C 

Msec (2) 

Package 

Units 

100’s 

Page 

Low Cost, 
Complete 

SHC80KP 

±0.01, ±2 max 

±2 max 

0.5 max 

3 

10 max 

DIP 

51.00 

34.10 

6-342 

High Speed, 

SHC85, iQ ' 

±0.01, ±2 max 

±2 max 

0.5 max 

3 

4.5 max 

DIP(3) 

95.00 

75.90(5) 

6-346 

Complete 

SHC85ET, iQ i 

±0.01, ±2 max 

±2 max 

0.5 max 

3 

4.5 max 

DIP(3) 

129.00 

106.00(5) 

6-346 

Low Cost, 
Monolithic 

SHC298AM 

±0.01, ±7 max 

±25 max 

10 max(4) 

4 

10 max 

TO-99(3) 

6.95 

4.50 

6-350 

Very-High 

Speed 

SHM60 

±0.01, ±1.5 

±1.5 

5 

2 

1 max 

Module 

154.00 

104.00 

6-356 


NOTES: 1 1 “( Q >” indicates product also available with screening for increased reliability. 2 10V step to 0.01% of final value. 3 Hermetic. 4> With lOOOpF 
external holding capacitor. 5 > 25 - 99 quantity. 
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GLOSSARY OF TERMS & DEFINITIONS 
Data Conversion and Acquisition 


ACQUISITION TIME 

The time the output of a sample/ hold circuit takes to 
change from its previous value to a new value when the 
circuit is switched from the hold mode to sample mode. It 
includes the slew time and settling time to within a certain 
error band of the final value and is usually specified for a 
full-scale change. 

APERTURE TIME 

When a sample/ hold circuit is switched from sample to 
hold, a finite amount of time is required for the internal 
electronics to turn off. Aperture time is the time between 
the sample-to-hold command transition and the point at 
which the output ceases to follow the input. 

APERTURE TIME UNCERTAINTY 

The possible deviation in aperture time from one sample- 
to-hold transition to the next. 

COMPLIANCE VOLTAGE 

Some D/A converters have an output current 
proportional to the input digital code. The compliance 
voltage is that voltage which may be impressed on the 
output current pin without degrading the specified 
accuracy of the converter. 

CONVERSION SPEED 

The measure of how long it takes an A/ D converter to 
arrive at the proper output code. It is the time between the 
edge of the convert command pulse that starts conversion 
and the rising edge of the end-of-convert signal that 
indicates the conversion is complete. 

CHARGE OFFSET 

During the sample-to-hold transition of a sample/ hold 
circuit, a small amount of charge is transferred to the 
holding capacitor because of the switching process. This 
is known as the charge offset and is usually expressed in 
millivolts. 

CROSSTALK 

The measure of effect an off-channel signal has on the on- 
channel signal in a multiplexer, expressed in terms of dB 
of attenuation of the off-channel signal. 

DIFFERENTIAL LINEARITY 

The measure of the linearity from one digital state to the 
next. It applies to A/D and D/A converters. If the 
differential linearity is specified as+1 /2LSB, the step size 
from one state to the next may be from 1 / 2 to 3/2 of an 
ideal 1LSB step. 


DROOP RATE 

A sample/ hold circuit in the hold mode has a charge 
stored on a capacitor that is proportional to the input 
voltage at the time it was switched to the hold mode. 
Charge leaks off the capacitor because of the bias current 
of the buffer amplifier and switch leakage current. The 
droop rate is an expression of how fast the charge leaks 
off the capacitor and is given as a voltage per-unit-of- 
time. 

FEEDTHROUGH 

The measure of the change of the output voltage of a 
sample/ hold in the hold mode due to a voltage change in 
the input, expressed as dB of attenuation. 

GAIN ERROR 

The error in the input-to-output ratio, usually expressed 
in percent. It is manifest as a rotation about the most 
negative full scale point of the transfer function curve. It 
is nulled in A/ D, D/ A, or V/ F converters after the offset 
error is nulled by setting the input for a full-scale output 
and adjusting an external trim pot for the correct output. 

LEAKAGE CURRENT 

Multiplexer input current that does not flow through to 
the output but is shunted internally. It is also current that 
flows from OFF channels into the ON channel. In a 
current output D/A converter, there is a digital input 
code that ideally yields zero output current. If current 
flows with that input code, it is called leakage current. It 
is analogous to output voltage offset in a voltage-output 
D/A converter. 

LEAST SIGNIFICANT BIT (LSB) 

The lowest-order bit or the bit with the least weight. 

LINEARITY 

The maximum deviation of an actual output from an 
ideal output defined by a straight-line drawn through the 
end points of the transfer function. This is the error that 
remains after offset and gain errors have been nulled. It 
applies to A/D, D/ A, and V/F converters. Linearity can 
be expressed in terms of percent of full scale range or 
fractions of a least significant bit (LSB). A converter 
must be linear to within ± 1 / 2LSB to be accurate to its full 
resolution. 

MONOTONICITY 

In a D/A converter, if the output analog signal either 
increases or stays the same for an increase in input digital 
code, it is said to be monotonic. In an A / D converter, if 
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the output digital code increases or stays the same for a 
1 LSB increase in input voltage, it is said to be monotonic. 
If the differential linearity is within ±1LSB, the device 
will be monotonic. Monotonicity is especially important 
in control loops where convergence is necessary. 

MOST SIGNIFICANT BIT (MSB) 

The highest-order bit or the bit with the greatest weight. 

NO MISSING CODES 

This is a property of an A/D converter that is related to, 
but is more stringent than, monotonicity. If a converter is 
guaranteed to have no missing codes, there will be no 
output digital state that will be skipped when the input 
voltage is varied over the entire range. 

OFFSET ERROR 

This is an error in the reference point of the transfer 
function. It appears as a constant amplitude error signal 
at a D/A output or A/D input. It also appears as a 
constant frequency shift in the output of a V / F converter. 
It is nulled prior to adjusting gain error by setting the 
input to the most-negative input and adjusting the output 
to the proper value. 

POWER SUPPLY REJECTION RATIO 

The measure of output signal change due to power supply 
voltage change. It is expressed as dB of attenuation or % 
output change per % supply change. 

QUANTIZING ERROR 

In an A/D converter, there is an infinite number of 
possible input voltages, but only 2 n output codes 
(n = number of bits). Therefore, there will be an error as 


great as 1 /2LSB because of this quantizing effect and the 
greatest error will occur at the transition voltage where 
the output changes state. 

RESOLUTION 

The number of bits on the input or output of an A/D or 
D/ A converter. The number of discrete steps or states is 
equal to 2 n where n is the resolution of the converter, 
however, n bits of resolution does not guarantee n bits of 
accuracy. 

SETTLING TIME 

The time delay between a change of input signal value 
and the effected change in the output signal. It is usually 
expressed in terms of how long it takes the output to 
arrive at, and remain within, a certain error band around 
the final value and is often given for several different 
magnitudes of input step change. 

SWITCHING TIME 

The time it takes for a multiplexer to change from one 
channel to the next with the new output signal being 
within a certain percentage of its final value. It is 
expressed for a maximum voltage transition. 

THROUGHPUT RATE 

An A/D converter or a data acquisition system has a 
finite number of points that it can convert in any given 
time. Throughput rate is an expression of that quantity. 
It is dependent on the time it takes to make a conversion 
and the time required to set up to make the next 
conversion. In a data acquisition system this time 
includes the composite delay due to switching and 
settling times of the mux, settling time of the amplifier 
and acquisition time of the sample-and-hold. 
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ADC10HT 


BURR- 


Wide Temperature Range 
General Purpose 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• -55°C to +200°C SPECIFICATIONS 

• FULL 12-BIT RESOLUTION 

• 50jusec MAX CONVERSION TIME 

• NO MISSING CODES OVER FULL TEMPERATURE 

RANGE 

• COMPLETE WITH INTERNAL CLOCK AND REFERENCE 

VOLTAGE 

« SERIAL OUTPUT DATA AVAILABLE 

• TTL AND +5V CMOS COMPATIBLE 

• DUAL-WIDTH HERMETIC CERAMIC PACKAGE 

• LOW POWER OPERATION WITH EXTERNAL 

REFERENCE (250mW) 

DESCRIPTION 

You’ll find this general purpose, 12-bit, successive 
approximation A/D converter ideally qualified for 
circuits that must operate over wide temperature 
ranges. The ADCIOHT incorporates state-of-the-art 
IC and laser-trimmed thin-film components. It is 
complete with an internal clock and reference voltage. 
Internal scaling resistors allow bipolar input voltage 
ranges of ±5 V and ± 10V. A pin is provided for serial 
output data. The ADCIOHT is contained in a 
compact, dual width, 28-pin ceramic DIL package. 
To assure consistent performance, 100% screening 
procedures are conducted on the ADCIOHT at key 
points during its manufacture. Burn-in and temper- 
ature cycling are examples. A clean-^room environ- 
ment is maintained for assembly operations. 




International Airport Industrial Park - P.0. Box 11400 • Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-474 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at rated power supply voltages and Ta = +25°C unless otherwise noted. 


MODEL 

ADC10HT 

ADC10HT-1 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 

12 



12 



Bits 

| INPUT | 

ANALOG 








Voltage Ranges 








Unipolar 

0 to +10, 0 to +20 

Oto +10, Oto +20 

V 

Bipolar 

Impedance (direct input) 


±5, ±10 



±5, ±10, 


V 

Oto+IOV, ±5V 


2 



2 


kit 

Oto +20V, ±10V 


4 



4 


kl! 

DIGITAL! D 

Convert Command Logic Loading 


1 



1 


CMOS Load 

| TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error<2) 

Offset Error! 2) 


±0.05 

±0.2 


±0.05 

±0.2 

% 

Unipolar 


±0.05 

±0.2 


±0.05 

±0.2 

% of FSR(3) 

Bipolar 


±0.05 

±0.2 


±0.05 

±0.2 

% of FSR 

Linearity Error 



±0.012 



±0.048 

% of FSR 

Inherent Quantization Error 


±1/2 



±1/2 


LSB 

Differential Linearity Error 

Total Unadjusted Error<4) 



±0.012 



±0.048 

% of FSR 

+25° C 


±0.10 

±0.40 


±0.15 

±0.40 

% of FSR 

-55° C to +200° C 


±0.30 

±1.00 


±0.80 

±1.50 

% of FSR 

Total Adjusted Error!®) 








+25°C 


±0.006 

±0.012 


±0.024 

±0.048 

% of FSR 

-55° C to +200° C 


±0.20 

±0.60 


±0.50 

±1.10 

% of FSR 

Total Unadjusted ErroriS) 








Exclusive of Reference 
+25°C 


±0.10 

±0.40 


±0.15 

±0.45 

% of FSR 

-55° C to +200° C 


±0.20 

±0.80 


±0.50 

±1.10 

% of FSR 

Total Adjusted Error!?) 








Exclusive of Reference 
+25° C 


±0.006 

±0.012 


±0.024 

±0.048 

% of FSR 

-55° C to +200° C 


±0.15 

±0.40 


±0.40 

±0.75 

% of FSR 

CONVERSION TIME 


30 

50 


30 

50 

n sec 

DRIFT ( -55° C ^ Ta ^ +200°C i 

Gain 








With Internal Reference 


±15 

±35 


±25 

±100 

ppm/°C 

Exclusive of Reference 

Offset 


±5 

±10 


±10 

±20 

ppm/°C 

Unipolar 

Bipolar 


±1 

±2 


±2 

±10 

ppm of FSR/°C 

With Internal Reference 


±10 

±35 


±25 

±100 

ppm of FSR/°C 

Exclusive of Reference 


±4 

±10 


±8 

±20 

ppm of FSR/°C 

Linearity 

No Missing Codes (Temp. Range 


±0.5 

±1 


±1 

±3 

ppm of FSR/°C 

-55° C to +200° G 

12 



10 



Bits 

| OUTPUT | 

DIGITAL DATA 

Parallel 








Output Codes!®) 








Unipolar 


SB 



SB 



BipolarO) 


OB, TC 



OB, TC 



Output Drive 

Serial Data Code <NRZ i - SB, OB 

1 

SB, OB 


1 

SB, OB 


LSTTL Loads 

Output Drive 

1 



1 



LSTTL Loads 

Status 

Logic ‘T 

During Conversion 

Logic “1 

During Conversion 


Status Output Drive 

Internal CLock 

1 



1 



LSTTL Loads 

Output Drive 

1 



1 



LSTTL Loads 

Frequency 


400 



400 


kHz 
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SPECIFICATIONS 


MODEL 

ADC10HT 

ADC10HT-1 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

[ POWER SUPPLIES AND REFERENCE J 

Rated Voltage, Analog 

±14.5 

±15 

±15.5 

±14.5 

±15 

±15.5 

VDC 

Digital 

+4.75 

+5 

+5.25 

+4.75 

+5 

+5.25 

VDC 

Supply Drain, + 15 VDCO 0 ) 


+15 



+ 15 


mA 

-15VDC00) 


-30 



-30 


mA 

+5VDC 


+16 



+16 


mA 

Power Supply Sensitivity 








±15VDC 


0.01 



0.01 


% of FSR/%Vs 

+5VDC 


0.01 



0.01 


% of FSR/%V S 

Internal Reference Voltage 

9.990 

10.0 

10.010 

9.990 

10.0 

10.010 

V 

Max External Current with 








no Degradation of Specs 


2 



2 


mA 

Temperature Coefficient 


±10 



±10 


ppm/°C 

| TEMPERATURE RANGE | 

Specification 

-55 


+200 

-55 


+200 

°C 

Operating 

-55 


+200 

-55 


+200 

°C 

Storage 

-65 


+210 

-65 


+210 

°C 


NOTES: 

1 . +5V CMOS compatible. Input current (low to high state* = I^A max. Use pull-up resistor when driving convert command from TTL. 

2. Adjustable to zero (see Table II and Figures 5 and 6*. 

3. FSR means Full Scale Range. For example, unit connected for ±10V has a 20V FSR. 

4. Includes Gain, Offset, and Linearity Errors (Bipolar Mode*. 

5. Gain and Offset Errors removed at +25°C (Bipolar Mode . 

6. Includes Gain, Offset, and Linearity Errors with external +10.0V ±1mV reference, does not include Reference Drift Bipolar Mode . 

7. Gain and Offset Errors removed at +25°C with external +10.0V ±1mV reference, does not include Reference Drift < Bipolar Mode . 

8. See Table I. SB - Straight Binary, OB - Offset Binary, TC - Two's Complement. 

9. TC coding obtained by using MSB (pin 13* instead of MSB < pin 12'. 

10. May be reduced. See Low Power Operation, pages 6-16 and 6-17. 


MECHANICAL 



CONNECTION DIAGRAM 


TOP VIEW 
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TYPICAL PERFORMANCE CURVES 



0 5 10 15 ' 20 25 30 35 40 45 50 

Conversion Time (*tsec) 


POWER SUPPLY REJECTION VS 



0 10 100 Ik 10k 100k 

Frequency (Hz) 


DISCUSSION OF PERFORMANCE 


The accuracy of a successive approximation A/D 
converter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±1/2LSB. The 
remaining errors in the A/ D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1 ) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
A/ D converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the A/D converter. A 
Differential Linearity error of ±1/2LSB means that the 
width of each bit step over range of the A/ D converter is 
1 LSB ±1/2LSB. 

The ADC10HT is also Monotonic, assuring that the 
output digital code either increases or remains the same 
for increasing analog input signals. Burr-Brown also 
specifies that this converter will have no missing codes 
over the full operating temperature range. 



FIGURE 1. Input vs Output for an Ideal Bipolar 
A / D Converter. 
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TIMING CONSIDERATIONS 

The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 01100111 0110 
exists. 



DEFINITION OF DIGITAL CODES 


PARALLEL DATA 

Two binary codes are available on the ADC 10HT parallel 
output; they are straight binary (SB) for unipolar input 
signal ranges and offset binary (OB) for bipolar input 
signal ranges. Two’s complement (TC) may be obtained 
by using MSB (pin 13). 

Table I shows the LSB, transition values, and code 
definitions for each possible analog input signal range for 
8-, 10- and 12-bit resolutions. Figure 3 shows the 
connections for 12-bit resolution, parallel data output, 
with ±10V input. 


SERIAL DATA 

Two straight binary codes are available on the serial 
output line; they are SB and OB. The serial data is 
available only during conversion and appears with the 
MSB occurring first. The serial data is synchronous with 
the internal clock as shown in the timing diagram of 
Figure 2. The LSB and transition values shown in Table I 
also apply to the serial data output except for the TC 
code. 
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FIGURE 3. ADC10HT Connections for±I0V Analog Input, 12-Bit Resolution, and Serial or Parallel Data Output. 


TABLE I. Input Voltages, Transition Values, LSB Values and Code Definitions. 


Binary (BIN) Output 

INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Input Voltage Range 

Defined As: 

±10V 

±5V 

Oto +10V 

0 to +20V 

Code Designation 


OBI 1 ) or TC<2) 

OB(UorTC<2) 

SB(3) 

SB(3) 

One Least Significant Bit (LSB) 

FSR/2 n 

20V/2 n 

10V/2 n 

10V/2 n 

20V/2 n 


n = 8 

78.13mV 

39.06mV 

39.06mV 

78.1 3mV 


n = 10 

19.53mV 

9.77mV 

9.77mV 

19.53mV 


n = 12 

4.88mV 

2.44mV 

2.44mV 

4.88mV 

Transition Values 

MSB LSB 

111. ..111(4) 

+Full Scale 

+10V - 3/2LSB 

+5V - 3/2LSB 

+10V - 3/2LSB 

+20V - 3/2 LSB 

100... 000 

Mid Scale 

0 

0 

+5V 

+10V 

000... 001 

-Full Scale 

-10V + 1/2LSB 

-5V + 1/2LSB 

0 + 1/2LSB 

0 + 1/2LSB 

NOTES: 

(1) OB = Offset Binary 

(2) TC = Two’s Complement - obtained by inverting the most significant bit. MSB < pin 13 > 

(3) SB = Straight Binary 

(4) Voltages given are the nominal value for transition to the code specified 




DISCUSSION OF SPECIFICATIONS 


The ADC10HT is specified to provide critical perform- 
ance criteria for a wide variety of applications. The most 
critical specifications for an A / D converter are linearity, 
drift, gain and offset errors, and conversion-speed effects 
on accuracy. This ADC is factory trimmed and tested for 
all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory trimmed to 
typically ±0.05% of FSR at 25°C. These errors may be 
trimmed to zero as shown in Figures 6 and 7. 


POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The ADC10HT power supply sensitivity is specified for 
±0.01% of FSR / %Vs for ± 15V supplies and ±0.01% of 
FSR / %Vsfor+5V supplies. Normally, regulated power 
supplies with 1% or less ripple are recommended for use 
with this ADC. See Layout Precautions, Power Supply 
Decoupling and Figure 4. 
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LAYOUT AND OPERATING INSTRUCTIONS 


LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADC10HT but should be connected together as 
close to the unit as possible, preferably to a large plane 
under the ADC. If these grounds must be run separately, 
use wide conductor pattern and a 0.01/uF to 0.1 /l/F 
nonpolarized bypass capacitor between analog and digital 
commons at the unit! Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with high 
temperature mica or teflon capacitors as shown in Figure 
4 to obtain noise free operation. These capacitors should 
be located close to the ADC. 



FIGURE 4. Recommended Power Supply Decoupling. 


INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to utilize 
the maximum signal resolution of the A / D converter. 
Connect the input signal as shown in Table II. See Figure 
5 for circuit details. 


TABLE II. ADC10HT Input Scaling Connections. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 21 

To Pin 

Connect 
Pin 23 

To 

Connect 

Input 

Signal 

To Pin 

±10V 

OB or TC* 

25" 

Input Sig. 

23 

±5V 

OB or TC* 

25" 

Open 

22 

Oto +10V 

SB 

Open 

Open 

22 

0 to +20V 

SB 

Open 

Input Sig. 

23 


'Obtained by using MSB < pin 13' 

** If optional offset adjustment is not used connect a 2511 ±0.1% resistor 
from pin 21 to pin 25 to obtain specified gain and offset errors. 



FIGURE 5. ADC10HT Input Scaling Circuit. 


OPTIONAL EXTERNAL GAIN AND OFFSET ADJUSTMENTS 


A connection diagram for the ADC10HT in the ±10V 
input bipolar mode of operation is shown in Figure 3. The 
gain and offset adjustment resistors (R1 and R2) should 
be selected discrete metal-film or wirewound resistors and 
not potentiometers if optimum performance is required 
under high shock and vibration levels. The internal gain 
and offset errors are laser trimmed to within a maximum 
error of ±0.2% with 250, 0.1% resistors in place of R1 
and R2. Another possible approach in many applications 
is to simply remove the offset and gain errors with digital 
techniques after the A / D conversion has taken place. This 
approach can virtually eliminate the need for initial gain 
and offset adjustment and even the effects of gain and 
offset drift with time and temperature can often be 
removed. In some cases it may be desirable to use 
potentiometers. 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with 100ppm/°C or better TCR’s are 


recommended for minimum drift over temperature and 
time. These pots may be any value from 10kH to lOOkH. 


ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer or resistance 
substitution boxes as shown in Figure 6. Sweep the input 
through the end point transition voltage that should cause 
an output transition to all bits off E () [ , N I . 

Adjust the Offset potentiometer or resistor substitution 
boxes until the actual end point transition voltage occurs 
at E°in F . The ideal transition voltage values of the input 
are given in Table I. 

GAIN - Connect the Gain adjust potentiometer or 
resistor substitution boxes as shown in Figure 7. Sweep 
the input through the end point transition voltage that 
should cause an output transition to all bits on (E?£). 
Adjust the Gain potentiometer until the actual end point 
transition voltage occurs at E?J. 
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Table I details the transition voltage levels required. 

It is also possible to make the adjustments just described 
with potentiometers and then replace the resistive arms 
with discrete metal film or wire-wound resistors in order 
to make a system more rugged before subjecting it to 
harsh environments. 


(a) 


+15VDC 


IMn 
V/v 

BIPOLAR B 

OFFSET 



> 10kn to 100k n 
] UNIPOLAR OFFSET 
ADJUST 


-15VDC 


(bl 


BIPOLAR 

OFFSET 


0 


REF OUT (25) 



BIPOLAR OFFSET 
ADJUST 


FIGURE 6. Optional Unipolar and Bipolar Offset 

Adjust Circuitry with ±0.4% of FSR Range 
of Adjustment. 



FIGURE 7. Optional Gain Adjust with ±0.4% Range 
of Adjustment. 


Figure 9 shows the effect of clock rate control resistor 
(Rcr) on clock frequency. Figure 9 is based on a typical 
initial clock frequency of about 400kHz (conversion time 
of 30jusec for 12 bits). To determine the required clock 
frequency: 

_ Bit Resolution 
Conversion Time 

For example, if the ADC10HT is short cycled to 10-bit 
operation and a conversion time of 20/usec is required, 
then 


fc,ock 20/usec _ 500kHz 

from Figure 9 a clock rate resistor (Rcr) of about 40kO is 
required. 



FIGURE 9. Clock Frequency vs Clock Rate Control 
Resistor (Rcr). 


CLOCK RATE CONTROL (OPTIONAL) 

Faster Conversion 

If adjustment of the clock rate is desired for faster 
conversion times, a resistor may be connected between 
Clock Rate (pin 16) and Clock Out (pin 18) as shown in 
Figure 8. 


CLOCK 

RATE 

© — 

> CLOCK 



S R CR FREQUENCY 

CLOCK 

OUT 

® 

J ADJUST 


FIGURE 8. Optional Clock Rate Adjust for Faster 
Conversion Times. 


Slower Conversion 

The conversion time can be decreased by connecting a 
capacitor from the Clock Rate pin to Digital Common 
(see Figure 10). 



FIGURE 10. Optional Clock Rate Adjust for Slower 
Conversion Times. 
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Clock Frequency (Hzi 


Figure 11 shows the effect of the clock rate control 
capacitor on the clock frequency. 



0 2 4 6 8 10 12 14 16 18 20 22 

Clock Adjust Capacitor ( nF i 

FIGURE 11. Clock Frequency vs. Clock Rate 
Control Capacitor (Ccr). 

The serial output data (pin 28) is synchronous with the 
internal clock. In some applications the clock frequency 
must be lowered to 3kHz or 4kHz so that the data can be 
transmitted over long distances. If 12-bit resolution is 
required, the conversion time for 4kHz is 

12 bits 

conversion time = — = 3msec 
4kHz 

From Figure 1 1, a clock rate control capacitor, Ccr, of 
approximately 16nF is required. 

In applications requiring such a slow conversion time, a 
low-pass filter should be used at the analog input to the 
ADC10HT. 

SHORT-CYCLE AND CONTINUOUS 
CONVERSION OPERATION. 

The ADC10HT may be operated at faster speeds for 
resolutions less than 1 2 bits by using the clock rate control 
feature. The conversion time can be further increased by 
using the short cycle circuit shown in Figure 1 2. Without 
this circuit, the status signal (pin 19) will always remain 
high for 1 3 clock pulses even if only 8 bits are being used. 
By connecting the short cycle input of the -N AND gate to 
the n + I bit (connect to bit 9 for 8-bit operation, for 
example) the conversion will be completed and the status 
signal will go low after n + 1 clock pulses (9 pulses for 8-bit 
operation). It should be noted that with the circuit shown 
in Figure 12, the ADC10HT will operate in a continuous 
conversion mode, i.e., a newconversion will start on the n 
+ 2 clock pulse without the need for an external convert 
command. 



FIGURE 12. Short-Cycle Circuit which Provides for 
Lower Resolutions than 12 Bits with 
Faster Conversion Times and Continuous 
Conversions. 

Table III indicates where to connect the short cycle input 
for 8-bit and 10-bit resolution and gives possible 
conversion time(s) obtainable by using this feature along 
with the clock rate pin. 


TABLE III. Short Cycle Connections and Specifications 
for 8 to 12 Bit Resolutions. 


Resolution (Bits) 

12 

10 

8 

Connect SHORT CYCLE to: 

N/A 

Pin 2 

Pin 4 

Conversion Time f/zsec 

id) 

24 

10 

6 

Nonlinearity at +25°C 

ADC10HT 

±0.012 

±0.048 

±0.1 

( % of FSR ) 

ADC10HT-1 

±0.048 

±0.048 

±0.1 


NOTE: (1 ) Adjust Conversion Time with Clock Rate Control resistor as 
shown in Figures 8 and 9. 


For 12-bit operation and continuous conversion, simply 
connect status (pin 19) directly to convert command (pin 
20 ). 

OUTPUT DRIVE 

Normally the ADC10HT logic outputs will drive two low 
powerTTL loads or one LSTTL load. If longdigital lines 
must be driven, external logic buffers are recommended. 
The digital outputs are connected directly to the internal 
CMOS successive-approximation-register and can drive 
+5V CMOS without the need for pull-up resistors. 

HEAT DISSIPATION 

The ADC10HT dissipastes approximately 750m W and 
the package has a case-to-case ambient thermal resistance 
(0c \) of 35"C/W. For optimum performance at +200’C, 
0c \ should be lowered by a heat sink or by forced air over 
the surface of the package. If the converter is mounted on 
a PC card, improved thermal contact with the copper 
ground plane under the package can be achieved by using 
a silicone heat-sink compound. 

LOW POWER OPERATION 

The typical supply currents required by the ADC10HT 
under normal operating conditions are 15mA (+15V), 
30mA (-15V), and 16mA (+5V). The average power 
required (Pd) is therefore 

Pd =| 15mA x 1 5 V| +|30mA. x -15V| +|!6mA x 5V| = 
755mW. 
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Under certain operating conditions this power consump- 
tion can be reduced to as little as 250mW. 

The ADC10HT is completely self-contained with an 
internal-!- 10V reference voltage. The + 15V supply is used 
only to supply power for the op amp current source and 
zenerdiode used in this reference. If an external reference 
is available, the T 1 5 V supply is not required and it can be 
removed. This reduces the P» by 15mA x 15V = 225m W. 
The average Pn for the ADC10HT is therefore reduced to 
530mW. 

The major contributor to the power consumption is the 
-15V supply. As long as a T10V reference is used, the V- 
supply voltage must be between -13V and -16V. If, 
however, a lower voltage reference is used, this V- supply 
voltage can be reduced considerably which greatly reduces 
the power consumption. Lowering the reference voltage 
will, of course, lower the full scale input voltage by a 
proportional amount. For example, if the reference 
voltage is T5V, the full scale input voltage for the 10V 
range input (pin 22) will be +5V, instead of + 10V with a 
+ 10V reference, in the unipolar mode of operation. Table 
IV indicates the minimum supply voltages and the typical 
power consumption obtained when using these supply 
voltages for various values of Vref. 

TABLE IV. Minimum Power Supply Voltages and 

Typical Power Consumption for Operation 
with External Vref. (Note: +15V is not 
required if internal Vref is not used.) 


External 

Vref 

+VLOGIC 

(Pin 15 1 

-Vs (Pin 27) 

(Minimum) 

Total Power Consumption 
(Typical i 

+10V 

+5V 

-13V 

470mW 

+6.3V 

+5V 

-10V 

300mW 

+5V 

+5V 

-8V | 

250mW 


LOW-POWER EXTERNAL REFERENCE 

A simple external reference voltage can be made with a 
single resistor and a zener diode as shown in Figure 13. 
The power consumed by the reference is only about 
75mW with TVs = + 10V. The power supply sensitivity of 
this reference is approximately ±0.02% of FSR/%V s . 


< 

4 

? +v * 

490 n (NOMINAL) 

1 

k CD825 (COMPENSATED DEVICES) 

L- ±20ppm/°C 


FIGURE 13. Simple T6.3V External Reference That 
Requires Only 75mW. 


A very simple procedure can be used to obtain the lowest 
possible drift with this reference. Fir^t, vary the zener 
current from about 4mA to 1 1 mA by changing either the 
bias voltage, TVs, or bias resistor, R», and plot V z versus 
Iz as shown in Figure 14. Next, heat the zener (the exact 
temperature is not important, but it should be near the 
desired operating temperature), and repeat the procedure. 


The point where the two curves cross is the zero- 
temperature-coefficient bias current. TV S and/or Rh 
should then be adjusted accordingly for this optimum 
operating current. 



FIGURE 14. Simple Techniques for Obtaining a Low 
Drift Reference Voltage. 


This procedure is also discussed in a Burr-Brown 
Application Note: “Squeeze High Performance out of 
Low-Cost Hybrid Data Converters, AN-86. 

Other Application Notes 

Burr-Brown also has other Application Notes of interest 
to the converter user. In particular: 

“What Designers Should Know About Data Converter 
Drift,” AN-89. 

“Correcting Errors Digitally in Data Acquisition 
and Control,” AN-101 . 

OPERATION WITH EXTERNAL CLOCK 

Figure 15 shows the internal clock circuit of the 
ADC10HT. To operate with an external clock, first 
connect the Clock Rate Control (pin 16) to ground. This 
will shut off the internal clock and also turn off the open 
collector output transistor of the LMI19 comparator. 
The Clock Out (pin 1 8) will then be in a “high”state (T5V) 
because of the 2kO pull-up resistor to T5V. Now simply 
use the Clock Out pin for the external clock input. Note 
that the external clock must have the capability of sinking 
2.5mA when it is in the low state due to the 2k(l pull-up 
resistor. 



6-17 


ADC10HT 




High Speed 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• FAST CONVERSION SPEED: 

12-bits - 3.5 mS 6C, max 
10-bits - 1.88/zsec, max 
8-bits - 0.88/usec, max 

Throughput sampling rates from 250kHz (12-bitsl 
to 1 MHz (8-bits) can be attained 

• PIN-PROGRAMMABLE UNIPOLAR OR BIPOLAR 

• ANALOG SIGNALS 

• SERIAL AND PARALLEL DATA OUTPUTS 

• SELF-CONTAINED WITH INTERNAL CLOCK & 
REFERENCE 

Simplifies system design and reduces cost 

• ±1/2LSB LINEARITY 

Provides accurate conversion 

• NO MISSING COOES 



DESCRIPTION 

The Model ADC60 is a very high speed, successive 
approximation A / D converter than is designed for 
applications requiring system throughput sampling 
rates from 250kHz to 1MHz. The fast conversion 
speed is accomplished with proprietary fast settling 
circuits which preserve linearity and drift while 
permitting conversion speeds up to lOOnsec/bit. 
Available in 8-, 10-, and 12-bit resolutions the 
ADC60 contains an internal reference and clock. 
Internal components are provided for pin- 
programmable analog input signal ranges of ±2.5V, 
±5V, ±10V, 0 to +5V, 0 to + 10V and 0 to +20V. 
Digital data is available in both serial and parallel, 
binary form with corresponding timing signals. All 
digital input and output signals are DTL/TTL- 
compatible. 

The ADC60 operates from ±15VDC and +5VDC 
power, and is housed in a 2" x 4" x 0.75" module with 
screened-oh pin function identification. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRC0RP - Telex: 66-6491 
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THEORY OF OPERATION 


Upon receipt of an external Convert Command, the 
previous data sample is cleared from the output register. 
Each bit is then successively compared against the 
amplitude of the input signal, and is either held as a “0” or 
turned on as a “1” until all bits have been tried. The 
parallel data output is not available for transfer to 
external devices until the Status output changes from 
logic “1” to logic “0”. 

Serial data is only available during conversion, and must 
be transferred to external devices with the Clock and 
Status signals beginning with the first clock pulse 
following a change in Status from logic “0” to logic “1”. 


TIMING CONSIDERATIONS 

Data is available in both serial and parallel form. Timing 
signals are available for the transfer of data to external 
devices. For parallel data transfer. Status and its 
compliment Status indicate when the conversion is 
complete. For serial data transfer, the Clock Out signal 
starts on the trailing edge of the Convert Command; and 
serial data is valid before the positive going edge of the 
Clock Out signal. The Clock ceases operation when the 
conversion is complete. There will be one more clock 
pulse than the number of bits converted (resolution). 
Figure 1 shows the timing details of the ADC60. 



TABLE I. Switching Characteristics. 


S PARAMETER 1 


DESCRIPTION 

MIN. 

TYP. 

MAX. 



Conversion Time - 12 Bit 

2.50 

3.45 


/nsec 

10 Bit 

1.20 

1.83 

1.88 

Use c 



0.80 

0.84 


usee 

I t cch 

Width of Convert Command Pulse 

30 

— 

— 


mm 

Internal Between Convert Command Pulses — 


( 

) 


(t ct + Tj + t dly ) 



T i 

Delay From Trailing Edge of Conv. Command 






To Leading Edge of Clock Out 

30 

41 

60 


T 2 

Delay from Conv. Command To Reset 

26 

40 

68 

nsec 

T 3H 

Delay From Valid High Output To Trailing 

Edge of Clock Out 

22 

43 

70 

nsec 

T 3L 

Delay From Valid Low Output To Trailing 

Edge of Clock Out 

30 

51 

72 


T 4 

Delay From Valid Data to STATUS LOW 

12 

18 

37 


t dly 

Delay From Clock Out to STATUS HIGH 

22 

44 

60 


t set 

Setup Time from Status to Conv. Command - (2) 

0 

— 

— 

nsec 

T cw 

Clock Out Width 

40 

50 

60 

nsec 

T CP 

Clock Out Period - (3) 12 Bit 

192 

265 

270 

nsec 

10 Bit 

104 

165 

171 

nsec 


8 Bit 

88 

95 

98 

nsec 


NOTES: 1. ADC60 internal clock may be inhibited jt>y returning the 

convert command to “1”. By this technique, the converter 
may be cycled through an entire conversion one clock pulse 
at a time. This technique allows the conversion time to be 
extended to virtually any conversion time. 


2. The convert command may rise as soon as the 
last clock out pulse rises. 

3. The clock period for ADC60 is not necessarily 
constant throughout the conversion time. 
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SPECIFICATIONS 


ELECTRICAL 

Typical at 25°C and rated power supplies unless otherwise noted. 


MODEL 

ADC60-08 

ADC60-10 

ADC60-12 

UNITS 

RESOLUTION 

8 

10 

12 

Bits 

| INPUT | 

ANALOG INPUTS 





Voltage Ranges, Bipolar 


±2.5, ±5, ±10 


V 

Voltage Ranges, Unipolar 

0 to +5, 0 to +10, 0 to +20 

V 

Impedance 


0.2 


kll/V FSR 

DIGITAL INPUTSO) 





Convert Command 

Positive Pulse 30nsec wide 

min. Trailing 



edge “1” to "0” initiates conversion. 


Logic Loading 


2 


TTL Loads 

| TRANSFER CHARACTERISTICS f 

ERRORS) 





Gain Error 

±0.2 

±0.1 

±0.1 

% of FSR<3) 

Offset Error 

±0.2 

±0.1 

±0.1 

% of FSR 

Linearity Error, max 

±0.195 

±0.0488 

±0.0244 

% of FSR 

Inherent Quantization Error 

±0.19 

±0.048 

±0.012 

% of FSR 

Differential Linearity Error, max 

±0.27 

±0.068 

+0.024, -0.019 

% of FSR 

Monotonicity 


Guaranteed 



No Missing Codes 


Guaranteed 



Power Supply Sensitivity 


±0.002 


% of FSR/% 

DRIFT 





0°C to +70°C, max 

±20 

±20 

±15 

ppm/°C 

-25°C to +85°C, max 

±40 

±40 

±30 

ppm/°C 

CONVERSION SPEED, max 

0.88 

188 

3.5 

/usee 

| OUTPUT! 4 ) | 

DIGITAL DATA 





Parallel 





Output Codes, Unipolar 

USB straight binary 


Output Codes, Bipolar 

BOB 'Offset binary^ and BTC Two’s 




Complement 



Output Drive 


6 


TTL Loads 

Serial Data Output Drive 


6 


TTL Loads 

Status 

“1" 

During Conversion 


Status 

“0" 

During Conversion 


Output Drive of Status and Status 


6 


TTL Loads 

Clock 

A Positive Pulse Train Used for Strobing 



Serial Data into an External Register. 


Clock Output Drive 


9 


TTL Loads 

INTERNAL REF. VOLTAGE 


6.3 


V 

Max External Current with no 





degradation of Specifications 


200 


mA 

| POWER REQUIREMENTS f 

Rated Voltages 


±15 and +5 


V 

Range for Rated Accuracy 

±14.5 to ±15.5 and +4.75 to +5.25 

V 

Supply Drain +15V 


+50 


mA 

Supply Drain -15V imaxi 


-50 


mA 

Supply Drain +5V 


+270 


mA 

PACKAGE 

2" x 4" x 0.75" 


TEMPERATURE RANGE 





Specification 


0 to +70 



Operating ( reduced drift 





specs - see above i 


-25 to +85 


■ 

Storage 


-55 to +100 


HU 


NOTES: 

1 . All digital inputs in the ADC60 are TTL compatible < i.e., Logic “0” = 0.8V max, Logic “1” = 2.0V, min 

2. Gain and Offset Errors may be adjusted to zero with external trimming. 

3. FSR means Full Scale Range. 

4. TTL compatible, Logic "0" = +0.4V, max, Logic "1” = +2.4V, min. 

‘Specifications same for all models. 




Material: Case - Diallyl Phthalate Shell. 

Weight: 5 oz. 

Mating Connector: 2400MC - PC Card & Terminals 
2401 MC - Set of four 18-pin connector strips. 

Pin spacing located on 2.54mm 1 0.10" i grid. Allow 
5.08mm (0.20") between pins 18-19 and 54-55. Pin 
material and plating composition meet method 2003 
isolderability ) of MIL-STD-883 (except paragraph 
3.2). 
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DISCUSSION OF PERFORMANCE 


ACCURACY 

A / D converter error contributors are Quantization 
Error, Linearity Error, Drift, Gain and Offset errors. 
Figure 2 shows the transfer function of an ideal bipolar 
A/ D converter, and describes the quantization and 
linearity error bands at a single temperature. Initial gain 
and offset errors are trimmed to zero. Gain drift rotates 
the line about the minus full scale point (or around zero 
for a unipolar A / D converter). Offset drift contributes an 
offset shift to the transfer function over the operating 
temperature range. 


LINEARITY ERROR 

Linearity Error is measured as the difference, in LSB, 
between the actual input voltage signal and the ideal 
transition voltage as shown in Figure 2. This 
measurement is made with Gain and Offset errors 
adjusted to zero. Thus, the Linearity Error, neglecting 
Quantizing Error, expresses the true accuracy of an A D 
converter relative to the reading; 


DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error is defined as the difference 
between actual adjacent transition values and an ideal 
1LSB step. A Differential Linearity Error of 1/2LSB 
means that the size of a horizontal step can range from 
1 /2LSB to 3/2LSB. The size of the smallest step must be 
greater than 0.2LSB to guarantee no missing codes in an 
A/D converter. Expressed mathematically. Differential 
Linearity (D.L.) 

A[(Vj + i - Vj) - LSB / LSB] where LSB ^ Vj + i - v,. 


MONOTONICITY 

An A/ D converter is monotonic when the digital output 
code increases or remains the same for increasing analog 
input signals. The ADC60 s monotonic over the full scale 
range. 

DIGITAL OUTPUT CODES 

Three binary digital codes may be derived from the 
ADC60. They are Unipolar Straight Binary (USB) for 
unipolar analog input signals, and Bipolar Offset Binary 
(BOB) and Bipolar Two's Complement (BTC) for bipolar 
analog input signals. These codes are defined below in 
Table II. 


A more detailed discussion of these and other A/D 
converters specifications is given in a separate Burr- 
Brown Application Note - AN53. 



FIGURE 2. A/D Converter Definition of Specifications. 


DEFINITION OF DIGITAL CODES 

Three binary codes are available on the ADC60 parallel output; these are 
USB for unipolar input signals, and BOB or BTC for bipolar input signals. 
The LSB values and code definitions for each analog input signal range are 
shown below. 


TABLE II. Input Voltages, LSB Values, and Code Definitions. 


Binary (BIN) 

Output 

INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 

Signal Range 

Defined As: 

+ 10V 

±SV 

±2.5 V 

0 to +20V 

0 to +10V 

0 to + 5 V 

Code 

Designation 

. 

BOB 

or BTC* 

BOB 
or BTC* 

BOB 
or BTC* 

USB** 

USB** 

USB** 

One Least 

Significant 

Bit (LSB) 

FSR 

~w 

n = 8 
n = 10 
n = 12 

20V 

2 n 

78.13mV 

19.53mV 

4.88mV 

10V 

2 n 

39.06mV 

9.77mV 

2.44mV 

5 V 

2* 

19.53mV 

4.88mV 

1.22mV 

20V 

2 n 

78.13mV 

19.53mV 

4.88mV 

39.06mV 

9.77mV 

2.44mV 

1 9.53mV 
4.88mV 

1.2 2 mV 

MSB LSB 

1 1 1.. ..1 ll*** 

100.. ..000 

000. ...001 

+ Full Scale 
Mid Scale 
-Full Scale 

+ 10V -V 2 LSB 

0 

-10V + VzLSB 

+ 5V -VzLSB 

0 

-5V +V 2 LSB 

+2.5V -VzLSB 

0 

-2.5 V +VzLSB 

+20V -VzLSB 
+ 10V 

0 + VzLSB 

+ 10V -VzLSB 
+ 5V 

0 + VzLSB 

+ 5V -VzLSB 
+2.5V 

0 + VzLSB 

*BOB = Bipolar Offset Binary BTC = Bipolar Two’s complement - obtained by using the complement *** Voltages given are the nominal 
**USB = Unipolar Straight of the most significant bit (MSB). MSB is available on pin 70 value for transition to the 

Binary of the module. code specified. 
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INSTALLATION AND OPERATING INSTRUCTIONS 


The ADC60 is available with binary code resolutions of 
8, 10 and 12 bits. Six input signal ranges are pin- 
programmable over the following ranges: 0 to +5V, 
+20V, + 10V, ±2.5V, ±5V and ±10V. 


Single polarity binary ranges are designated USB and 
dual polarity binary ranges are designated BOB or BTC. 
Connections for specific codes are detailed in Table III. 


OPTIONAL GAIN AND OFFSET ADJUST 

Although Gain and Offset are factory trimmed to±0. 1%, 
these parameters may be trimmed to zero error using 
external trim adjustments as shown in Figure 3. Due to 
component aging, these external adjustments may be 
required later on to recalibrate the ADC60 after 3 to 6 
months. 

To avoid interaction between adjustments, the offset 
should be adjusted first. Use multiturn potentiometers 
with TCR of 150ppm °C or better. 

Offset is adjusted by sweeping the input through the end 
point transition voltage that causes an output transition 
to “all bits Off”. Adjust the Offset potentiometers until 
the actual end point transition voltage occurs at the value 
shown in Table II. 

Gain is adjusted by sweeping the input voltage through 
the end point transition that causes an output digital code 
of “all bits On”. See Table I for end point transition 
values. 



FIGURE 3. ADC60 Installation Diagram. 

NOTE: 

1. If Gain and/or Offset trim adjustments are not 
used simply leave pin 1 and/or pin 20 open. The 
minimum range of adjustment for OFFSET is ±'0.2 5% 
of full scale range; for GAIN it is ±0.3% of full scale range. 

Locate the 100kJ2 resistor as close as possible to pin 20.. 

GENERAL NOTES: 

• If an input buffer amplifier is required, the BB35 50 is 
recommended. 


• Use BB SHM60 Sample/Hold if a Sample/Hold is 
required (ljusec acquisition time). 


INPUT SCALING 

To utilize the maximum resolution of the ADC60, the input FSR must be 
selected to match the expected full scale range of the input signal. Figure 4 and 
Tablelll show the connections required for input scaling. 



FIGURE 4. Input Scaling Circuit. 


TABLE III. ADC60 Input Scaling Connections. 


INPUT 

SIGNAL 

RANGE 

DIGITAL 

OUTPUT 

CODE 

CONNECT 

PIN 19 

TO 

CONNECT 

PIN 5 

TO 

CONNECT 

INPUT 

SIGNAL 

TO 

+2.5V 

BOB or 
BTC 

PIN 20 

PIN 20 

PIN 6 

0 to 

+5V 

USB 

PIN 23 

PIN 20 

PIN 6 

+5 V 

BOB or 
BTC 

PIN 20 

OPEN 

PIN 6 

0 to 
+ 10V 

USB 

PIN 23 

OPEN 

PIN 6 

0 to 
+20V 

USB 

PIN 23 

INPUT 

PI N 5 

+ 10V 

BOB or 
BTC 

PIN 20 

INPUT 

PIN 5 
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INSTALLATION AND OPERATING INSTRUCTIONS (CONT) 


SYSTEM TIMING 

The basic system timing diagram is shown in Figure 1. 

CONVERT COMMAND 

A pulse of at least 30nsec duration (positive going) is 
required at pin 34 to start each conversion. Conversion 
starts after the Negative Going edge of the Convert 
Command. 

STATUS 

The Status output switches to a logical “1” on the 
Negative Edge of the Convert Command pulse. It returns 
to a logical “0” at the end of the conversion. The Status 
output leads Status by one normal gate delay (lOnsec). 

SHORT CYCLE 

The ADC60 may be short-cycled for obtaining lower 
resolutions and corresponding faster conversion speeds. 
Connect “Short Cycle ’’(pin 46) of the ADC60 to bit N + I 
as shown in Table IV. 


The Short Cycle feature must be used for the 8- and 10,-bit 
models as outlined in Table IV. For 12-bit models, the 
Short Cycle is not used and may be left open; however, in 
a high noise environment, the Short Cycle input, pin 46, 
should be tied to +5V (pin 29) through a 10000 resistor. 


TABLE IV. Short Cycle Connections for ADC60 and 
Corresponding Conversion Speeds. 


RESOLUTION 

(BITS) 

CONNECT PIN 

46 TO PIN 

MAXIMUM CONVERSION 
TIME (MSEC) 

MODEL 

8 

10 

12 

12 

N/A 

- 

- 

3.50 

11 

48 

- 

- 

3.24 

10 

50 

- 

1.88 

2.97 

9 

52 

- 

1.71 

2.70 

8 

54 

0.88 

1.53 

2.43 

7 

56 

0.79 

1.37 

2.16 

6 

58 

0.69 

1.20 

1.89 

5 

61 

0.59 

1.03 

1.62 

4 

63 

0.49 

0.85 

1.35 


APPLICATION NOTE 


HIGH SPEED DATA ACQUISITION 
SYSTEM 

A high speed 16-channel data acquisition 
system with up to 625kHz system sampling 
rate is shown below. (If the ADC60 is used 
without a multiplexer or sample/ hold for 
single channel applications, sampling rates 
up to 1MHz are possible.) 


U) 

h 

D 

Q. 

z 

o 

o 

_J 

< 

z 

< 



Address 


The system shown uses an overlapped 
mode programmer to eliminate or reduce 
the settling effects of the multiplexer and 
sample/ hold and maximizes system 
throughput speed. 

Typical system sampling speeds for the 
input signal ranges using these 
components are shown in Table V. 


TABLE V. Typical System Characteristics. 


RESOLUTION 

(BITS) 

INPUTSIGNAL 
RANGE (volts) 

SYSTEM THROUGHPUT 
SAMPLING RATE (max) 

TYPICAL 

SYSTEM ACCURACY 

* RSS 

12 

+10 

200kHz 

+ 0.04% 

12 

0 to + 1 0 

220kHz 

+0.04% 

10 

+10 

325kHz 

+0.125% 

10 

0 to + 1 0 

370kHz 

+ 0.125% 

8 

+ 10 

530kHz 

+ 0.25% 

8 

0 to + 1 0 

625kHz 

+0.25% 


* RSS = Root Sum Squared. 
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16-Bit Hybrid 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES: 


DESCRIPTION 


• 16-BIT RESOLUTION 

> LINEARITY ERROR ±0.003% 

> COMPACT DESIGN 

32-Pin Ceramic Package 

> FAST CONVERSION SPEED 

• LOW COST 


The ADC7 1 is a low cost, high quality, 1 6-bit succes- 
sive approximation analog-to-digital cortverter. The 
ADC71 uses state-of-the-art IC and laser-trimmed 
thin-film components and is packaged in a conve- 
nient 32-pin dual-in-line package. The converter is 
complete with internal reference, short cycling capa- 
bilities, and thin-film scaling resistors, which allows 
selection of analog input ranges of ±2.5V, ±5.0V, 
±10.0V, 0 to +5.0V, 0 to + 10V and 0 to +20V. 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are DTL TTL compatible. 
Power supply voltages are ±15VDC and +5VDC. 



SHORT CYCLE 
CONVERT COMMAND 


I INPUT 

I RANGE SELECT 


COMPARATOR IN 


REF OUT (+6.3V) 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Typical at +25°C and rated power supplies unless otherwise noted. 


MODEL 

ADC71KG 

ADC71JG 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 



16 

Bits 

| ANALOG INPUTS j 

Voltage Ranges 








Bipolar 


±2.5, ±5, ±10 



±2.5, ±5, ±10 


V 

Unipolar 


Oto +5, Oto +10, 



Oto +5, Oto +10, 





0 to +20 



0 to +20 


V 

Impedance (Direct Input' 

0 to +5V, ±2.5V 


2.5 



2.5 


kit 

Oto+IOV, ±5.0V 


5 



5 


kn 

Oto +20V, ±10V 


10 



10 


kn 

| DIGITAL INPUTSd) f 

Convert Command 

Positive pulse 50nsec wide imim trailing edge < “1 

” to “0" initiates conversion ■ 


Logic Loading 



1 



1 

TTL Load 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Error 

Offset 


±0.1(2) 

±0.2 


±0.1(2) 

±0.2 

% 

Unipolar 


±0.05(2) 

±0.1 


±0.05(2) 

±0.1 

% of FSR(3) 

Bipolar 


±0.1(2) 

±0.2 


±0-1(2) 

±0.2 

% of FSR 

Linearity Error 



±0.003 



±0.006 

% of FSR 

Inherent Quantization Error 


±1/2 



±1/2 


LSB 

Differential Linearity Error 


±0.003 

. 


±0.003 




% of FSR 

| POWER SUPPLY SENSITIVITY | 

±15VDC 


0.003 



0.003 


% of FSR/%Vs 

+5VDC 


0.001 



0.001 


% of FSR/%Vs 

CONVERSION TIMEW14 Bits 



50 



50 

n sec 

WARM-UP TIME 

5 


. . 

5 



min 

| DRIFT | 

Gain 

Offset 



±15 



±15 

ppm/°C 

Unipolar 


±2 

±4 


±2 

±4 

ppm of FSR/°C 

Bipolar 



±10 



±10 

ppm of FSR/°C 

Linearity 

No Missing Codes Temp Range 


±2 

±3 


±2 

±3 

ppm of FSR/°C 

KG 1 14-biti 

+10 


+40 




°C 

JG (13-bit' 




0 


50 

°C 

OUTPUT 

DIGITAL DATA 

< All codes complementary - 
Parallel 








Output Codes(5) 








Unipolar 



CSB 




Bipolar 



COB, CTC<6) 




Output Drive 







TTL Loads 

Serial Data Code'NRZ' 



CSB. COB 




Output Drive 







TTL Loads 

Status 


Logic “1" during conversion 



Status Output Drive 

Internal Clock 



2 



2 

TTL Loads 

Clock Output Drive 



2 



2 

TTL Loads 

Frequency 


280 



280 


kHz 

INTERNAL REFERENCE VOLTAGE 

6.0 

6.3 

6.6 

6.0 

6.3 

6.6 

V 

Max External Current 








with No Degradation of Specs 



±200 



±200 

mA 

Temp Coefficient 



±10 



±10 

ppm/°C 

| POWER SUPPLY REQUIREMENTS | 

Power Consumption 


1.55 



1.55 


W 

Rated Voltage, Analog 

±14.5 

±15 

±15,5 

±14.5 

±15 

±15.5 

VDC 

Rated Voltage, Digital 

+4.75 

+5 

+5.25 

+4.75 

+5 

+5.25 

VDC 

Supply Drain +15VDC 


+45 



+45 


mA 

Supply Drain -15VDC 


-35 



-35 


mA 

Supply Drain +5VDC 


+70 



+70 


mA 

| TEMPERATURE RANGE | 

Specification 

0 


'+70 

0 


+70 

°C 

Operating (derated specs' 

-25 


+85 

-25 


+85 

°C 

Storage 

-55 


+125 

-55 


+125 

°C 
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NOTES: 

1. DTL/TTL compatible, i.e., Logic “0” = 0.8V, max. Logic -T’ = 2.0V, min for inputs. For digital outputs Logic “0” = +0.4 V, max. Logic “1" = 2.4V, min. 

2. Adjustable to zero. 

3. FSR means Full Scale Range. For example, unit connected for ±10V range has 20V FSR. 

4. Conversion time may be shortened with “Short Cycle” set for lower resolution, see “Additional Connections Required" section. 

5. See Table I. CSB - Complementary Straight Binary. COB - Complementary Offset Binary. GTG - Complementary Two’s Complement. 

6. CTG coding obtained by inverting MSB (Pin 1). 1. 


MECHANICAL 




CASE: Ceramic 
MATING CONNECTOR: 
2302 MC 

WEIGHT: 13 arams (Q.46 02 .. 


CONNECTION DIAGRAM 


TOP VIEW 



SHORT CYCLE 
CONVERT COMMAND* 
+5VDC SUPPLY 
GAIN ADJUST 
+15VDC SUPPLY 
COMPARATOR IN 
BIPOLAR OFFSET 
10V 
20V 

REF OUT 1 6.3V 1 
ANALOG COMMON 
-15VDC SUPPLY 
CLOCK OUT 
DIGITAL COMMON 
STATUS 
SERIAL OUT 


*lf an external clock is used, connect the clock to pin 31 (CONVERT COMMAND'. 


TYPICAL PERFORMANCE CURVES 


GAIN DRIFT ERROR (% FSR 1 VS 



-25° 0 +25° i . +70° +85° 


Temperature i°Ci 


POWER SUPPLY REJECTION VS 



1 10 100 Ik 10k 100k 

Frequency (Hz' 
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DISCUSSION OF 
PERFORMANCE 

The accuracy of a successive approximation A/D con- 
verter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±1/2 LSB. The 
remaining errors in the A/ D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In sum- 
mary, these errors consist of initial errors including Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1 ) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is unad- 
justable and is the most meaningful indicator of A/D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at any 
level over the range of the A/ D converter. A Differential 
Linearity error of ± 1 / 2LSB means that the width of each 
bit step over the range of the A/D converter is 1LSB, 
±1 / 2LSB. 

The ADC71 is also Monotonic, assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guar- 



FIGURE I. Input vs Output for an Ideal Bipolar A D 
Converter. 


antees that this converter will have no missing codes over 
a specified temperature range when short cycled for 14- 
bit operation. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 1001 1000 1001 
01 10 exists. The output will be complementary as shown 
in Figure 2 (01 10 0111 01 10 1001 is the digital output). 
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DEFINITION OF DIGITAL CODES 


PARALLEL DATA 

Two biinary codes are available on the ADC71 parallel 
output;’ they are complementary (logic “0” is true) 
straight binary (CSB) for unipolar input signal ranges 
and complementary offset binary (COB) for bipolar 
input signal ranges. Complementary two’s complement 
(CTC) may be obtained by inverting MSB (Pin 1). 
Table I shows the LSB, transition values, and code defi- 
nitions for each possible analog input signal range for 
12-, 13- and 14-bit resolutions. Figure 3 shows the con- 
nections for 14-bit resolution, parallel data output, with 
±10V input. 


SERIAL DATA 

T wo straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with the MSB occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values shown in Table I also apply to the serial data 
output except for the CTC code. 



FIGURE 3. ADC7I Connections For: ±I0V Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 


Binary (BIN i 

Output 



INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Input 








Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

Oto+IOV 

0 to +5V 

0 to +20V 

Code 

Designation 


COB* 
or CTC** 

COB* 
or CTC** 

COB* 
or CTC** 

CSB*** 

CSB*** 

CSB*** 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

20V 









Significant 

2 n 

2 n 

2 n 

2 n 

2 n 

2 n 

2 n 

Bit (LSB) 

n = 12 

4.88mV 

2.44mV 

1.22m V 

2.44mV 

1.22mV 

4.88mV 


n = 13 

2.44mV 

1.22mV 

610/uV 

1.22mV 

610/iV 

2.44mV 


n = 14 

1.22mV 

610 m V 

305 mV 

610/uV 

305/uV 

1.22mV 

Transition Values 








MSB LSB 








000.. .000**** 

+FuU Scale 

+10V -3/2LSB 

+5V -3/2LSB 

+2.5V -3/2LSB 

4-1 0V -3/2LSB 

4-5V -3/2LSB 

+20V -3/2 LSB 

011. ..Ill 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

+10V 

111. ..110 

-Full Scale 

-10V +1/2LSB 

-5V +1/2LSB 

-2.5V +1/2LSB 

0 + 1/2LSB 

0+ 1/2LSB 

0 + 1/2LSB 

*COB = Complementary Offset Binary 
**CTC = Complementary Two’s Complement - obtained by 
inverting the most significant bit. MSB (Pin 1 1 

*CSB = Complementary Straight Binary 
**Voltages given are the nominal value 
for transition to the code specified. 
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DISCUSSION OF SPECIFICATIONS 


The ADC71 is specified to provide critical performance 
criteria for a wide variety of applications. The most criti- 
cal specifications for an A/ D converter are linearity, 
drift, gain and offset errors, and conversion speed effects 
on accuracy. This ADC is factory trimmed and tested for 
all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory trimmed to 
typically ±0.1% of FSR (typically ±0.05% for unipolar 
offset) at 25°C. These errors may be trimmed to zero by 


connecting external trim potentiometers as shown in 
Figures 6 and 7. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The ADC71 power supply sensitivity is specified for 
±0.003% of FSR/%V s for ±15V supplies and ±0.0015% 
of FSR/ %Vs for +5V supplies. Normally, regulated 
power supplies with 1% or less ripple are recommended 
for use with this ADC. See Layout Precautions, Power 
Supply Decoupling and Figure 4. 


LAYOUT AND OPERATING INSTRUCTIONS 


LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADC71 but should be connected together as close 
to the unit as possible, preferably to a large plane under 
the ADC. If these grounds must be run separately, use 
wide conductor pattern and a 0.0 1 /jl F to 0. 1 F nonpolar- 
ized bypass capacitor between analog and digital com- 
mons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(Pin 27) is extremely sensitive to noise. Any connection to 
this point should be as short as possible and shielded by 
Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 
The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 4 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. 1 /xF electrolytic type capacitors should 
be bypassed with 0.0 1 ^F ceramic capacitors for improved 
high frequency performance. 



FIGURE 4. Recommended Power Supply Decoupling. 


INPUT SCALING 

The analog input should be scaled as close to the maxi- 
mum input signal range as possible in order to utilize the 
maximum signal resolution of the A/ D converter. Con- 
nect the input signal as shown in Table II. See Figure 5 for 
circuit details. 


TABLE II. ADC71 Input Scaling Connections. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 26 
To Pin 

Connect 
Pin 24 

To 

Connect 

Input 

Signal 

To Pin 

±10V 

COB or CTC* 

27 

Input Sig. 

24 

±5V 

COBorCTC* 

27 

Open 

25 

+2.5V 

COB or CTC* 

27 

Pin 27 

25 

0 to +5V 

CSB 

22 

Pin 27 

25 

Oto+IOV 

CSB 

22 

Open 

25 

0 to +20V 

CSB 

22 

Input Sig. 

24 


'Obtained by inverting MSB ( Pin 1 >. 



FIGURE 5. ADC71 Input Scaling Circuit. 


OPTIONAL EXTERNAL GAIN AND OFFSET ADJUSTMENTS 


Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. Multiturn potenti- 
ometers with I00ppm/°C or better TCR’s are recom- 
mended for minimum drift over temperature and time. 
These pots may be any value from IOkO to lOOkfl. All 
resistors should be 20% carbon or better. Pin 29 (Gain 


Adjust) and Pin 27 (Offset Adjust) may be left open if no 
external adjustment is required. 

ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer (make sure 
Ri is as close to pin 27 as possible) as shown in Figure 6. 
Sweep the input through the end point transition voltage 
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that should cause an output transition to all bits off 

/pOFFv 
(t in ). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E°in . The ideal transition 
voltage values of the input are given in Table 1. 



FIGURE 6. Two Methods of Connecting Optional 
Offset Adjust with a 0.49c of FSR Range 
of Adjustment. 


used. The external clock pulse must be a negative going 
pulse with a width between I OOnsec and 200nsec as shown 
in Figure 2, and must be at a lower frequency than 
the internal clock. 

ADDITIONAL CONNECTIONS REQUIRED 

The ADC7 1 may be operated at faster speeds for resolu- 
tions less than 14 or 13 bits, depending on the model 
selected, by connecting the Short Cycle Input, pin 32, as 
shown in Table III. Conversion speeds, linearity, and 
resolutions are shown for reference. 


TABLE III. Short Cycle Connections and Specifications 
for 12- to 14-Bit Resolutions. 


Resolution 'Bits 

14 

13 

12 

Connect Pin 32 to 

Pin 15 

Pin 14 

Pin 13 

Maximum Conversion 

Speed Msec (D 

50 

465 

43 

Maximum Nonlinearity 
at 25° C -%of FSR 

0.003(2) 

0.0060) 

0.006(3) 


NOTES: 

1 . Max. conversion time to maintain specified nonlinearity error. 

2. ADC71KG only. 

3. AOC71KG or ADC71 JG. 

OUTPUT DRIVE 

Normally all ADC7 1 logic outputs will drive two standard 
TTL loads; however, if long digital lines must be driven, 
external logic buffers are recommended. 


GAIN - Connect the Gain adjust potentiometer as shown 
in Figure 7. Sweep the input through the end point transi- 
tion voltage that should cause an output transition to all 
bits on (E?n ). Adjust the Gain potentiometer until the 
actual end point transition voltage occurs at EV\. 

Table 1 details the transition voltage levels required. 



FIGURE 7. Connecting Optional Gain Adjust with a 
0 . 6 % Range of Adjustment. 


EXTERNAL CLOCK 

If an external clock is used, connect the external clock to 
convert command, pin 3 1 . The convert command shown 
in Figure 2 is not used. After each conversion is com- 
pleted, a new conversion cycle will automatically start on 
the first falling edge of the external clock following the 
completion of conversion. The clock out signal will 
remain as shown in Figure 2 even if an external clock is 


HEAT DISSIPATION 

The ADC71 dissipates approximately 1 .55 watts (typical) 
and the packages have a case-to-ambient thermal resist- 
ance (0c \) of 25°C W. For operation above 70°C. 0c a 
should be lowered by a heat sink or by forced air over the 
surface of the package. See Figure 8 for 0 C \ requirement 
above 70°C. If the converter is mounted on a PC card, 
improved thermal contact with the copper ground plane 
under the case can be achieved using a silicone heat sink 
compound. On a 0.062" thick PC card with a 16 square 
inch (min.) area, this technique will allow operation to 
85"C. 



FIGURE 8. 0c a R-equirement Above 70°C. 


6-30 






ORDERING INFORMATION 


MODEL 

TEMPERATURE 

PACKAGE 

ADC71KG 

ADC71JG 

0°C to +70°C 

0°C to +70°C 

Ceramic 

Ceramic 


6-31 









16-Bit Hybrid 

ANALOG-TO-DiGITAL CONVERTER 


FEATURES: 

• 16-BIT RESOLUTION 

• ±0.003% MAXIMUM NONLINEARITY 

• COMPACT DESIGN 

32-Pin Hermetic Metal Package 

• FAST CONVERSION SPEED 

50/usec Maximum 

• LOW COST 


DESCRIPTION 

The ADC72 is a low cost, high quality, 16-bit 
successive approximation analog-to-digital conver- 
ter. It uses state-of-the-art IC and laser-trimmed thin- 
film components and is packaged in a compact 32-pin 
metal dual-in-line package. The converter is complete 
with internal reference, clock, comparator, and thin- 
film scaling resistors, which allow selection of analog 
input ranges of ±2.5V, ±5V, ±10V, 0 to +5V, 0 to 
+ 1QV and 0 to +20V. 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are DTL/TTL compatible. 
Power supply voltages are ±15VDC and +5VDC. 



SHORT CYCLE 
CONVERT COMMAND 


I INPUT 

I RANGE SELECT 


COMPARATOR IN 


STATUS 
SERIAL OUT 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


Typical at +25°C and rated power supplies unless otherwise noted. 



CM 


O 
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NOTES: 

1 . DTL/TTL compatible, i.e., Logic “0” = 0.8V, max. Logic “1 ” = 2.0V, min for inputs. For digital outputs Logic “0” = +0.4V, max. Logic “1 ” = 2.4V, min. 

2. Adjustable to zero. 

3. FSR means Full Scale Range. For example, unit connected for ±10V range has 20V FSR. 

4. Conversion time may oe snortened witn "snort uycie set ror lower resolution, see " Additional Connections Required” section. 

5. See Table I. CSB - Complementary Straight Binary. COB - Complementary Offset Binary. CTC - Complementary Two’s Complement. 

6. CTC codino obtained by inverting MSB (Pin 1). 


MECHANICAL 



HHZS23H 

EKHHHi 

TTT7M 




ESI 





EH 





GH 

HEEI 

TEEM 

mszm 

KE23 

EH 

huh 

TPM 


ESI 

gmi 

H.'.IMIITI 

T.TITUB— 

EH 

MEM 


H2E9 

WT*'U 

EH 


HB9 

■rg 

HCH 

191 

KISEE3H 

E32ES23H 

EH 

HB9HB9 

HTHIEB9 



NOTE: 

Leads in true position within .010" 
i ,255mm ) R at MMC at seating plane. 
Pin numbers shown for reference only. 

Numbers may not be marked on package. 


CASE: Nickel-plated kovar 
MATING CONNECTOR: 2302MC 
WEIGHT. 13 grams <0.46 oz.) 


CONNECTION DIAGRAM 


TOP VIEW 



TYPICAL PERFORMANCE CURVES 


+0.10 

_+0.08 

£+0.06 

IL 

■5+0-04 
£ + 0.02 
o 0 

w -0.02 

1-0.04 
c -0.06 

a -0.08 
- 0.10 


GAIN DRIFT ERROR (% OF FSR) 
VS TEMPERATURE 


POWER SUPPLY REJECTION VS 







mniuiML&jmm 


uiiinuaiessmm 


Hifl H 


H H 


HHHHBHHHHi 



0°C 


+25° C 

Temperature (°C) 


+70° C +85° C 



Frequency (Hz> 


6-34 








DISCUSSION OF 
PERFORMANCE 

The accuracy of a successive approximation A/D con- 
verter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±1/2 LSB. The 
remaining errors in the A / D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1 ) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
A/D converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the A/ D converter. A 
Differential Linearity error of ±1/2LSB means that the 
width of each bit step over the range of the A/ D converter 
is 1LSB, ±1/2LSB. 

The ADC72 is also monotonic, assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guar- 



FIGURE 1 . Input vs Output for an Ideal Bipolar A D 
Converter. 


antees that these converters will have no missing codes 
over a specified temperature range when short-cycled for 
14-bit operation. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (01 10 01 1 1 0110 1001 is the digital output). 



FIGURE 2. ADC72 Timing Diagram. 
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DEFINITION OF DIGITAL CODES 


PARALLEL DATA 

Two binary codes are available on the ADC72 parallel 
output; they are complementary (logic “0” is true) straight 
binary (CSB) for unipolar input signal ranges and 
complementary offset binary (COB) for bipolar input 
signal ranges. Complementary two’s complement (CTC) 
may be obtained by inverting MSB (Pin 1). 

Table I shows the LSB, transition values, and code 
definitions for each possible analog input signal range for 
12-, 13- and 14-bit resolutions. Figure 3 shows the 
connections for 14-bit resolution, parallel data output, 
with ±10V output. 


SERIAL DATA 

T wo straight binary (complementary) codes are available 
on the serial output line CSB and COB. The serial data is 
available only during conversion and appears with the 
MSB occurring first. The serial data is synchronous with 
the internal clock as shown in the timing diagram of 
Figure 2. The LSB and transition values shown in Table I 
also apply to the serial data output except for the CTC 
code. 



FIGURE 3. ADC72 Connections For: ±10V Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 


Binary i BIN ' 

Output 

INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 

Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

Oto +10V 

0 to +5V 

0 to +20V 

Code 

Designation 


COBH) 
or CTC(2) 

COB(i) 
or CTC(2) 

COBOL 
or CTC(2) 

CSBI3) 

CSB(3) 

CSB(3) 

One Least 

Significant 

Bit ( LSB i 

FSR 

2 n 

n = 12 
n = 13 
n = 14 

20V 

2 n 

4.88mV 

2.44mV 

1.22mV 

10V 

2 n 

2.44mV 

1.22mV 

610/uV 

5V . 

2 n 

1.22mV 

610 m V 

305 mV 

10V 

2 n 

2.44mV 

1.22mV 

610 m V 

5V 

2 n 

1.22mV 

610 m V 

305/uV 

20V 

2" 

4.88mV 

2.44mV 

1.22mV 

Transition Values 

MSB LSB 

000.. .000(4) 

011. . .111 

111. . 110 

+Full Scale 
Mid Scale 
-Full Scale 

+10V -3/2LSB 
0 

-10V +1/2LSB 

+5V -3/2LSB 
0 

-5V +1/2LSB 

+2.5V -3/2LSB 
0 

-2.5V +1/2LSB 

-MOV -3/2LSB 
+5V 

0 + 1/2LSB 

+5V -3/2LSB 
+2.5V 

0+ 1/2LSB 

+20V -3/2LSB 
+10V 

0 + 1/2LSB 

0)COB = Complementary Offset Binary (3) CSB = Complementary Straight Binary 

(2) CTC = Complementary Two's Complement - obtained by (4) Voltages given are the nominal value 

inverting the most significant bit. MSB (Pin 1.) . for transition to the code specified. 
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DISCUSSION OF SPECIFICATIONS 


The ADC72 is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A/ D converter are linearity, 
drift, gain and offset errors, and conversion speed effects 
on accuracy. This ADC is factory-trimmed and tested for 
all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±0.1% of FSR (typically ±0.05% for unipolar 
offset) at 25°C. These errors may be trimmed to zero by 


connecting external trim potentiometers as shown in 
Figures 6 and 7. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The ADC72 power supply sensitivity is specified for 
±0.003% of FSR/%AVs for±15V supplies and ±0.001% 
of FSR/%AV s for ±5V supplies. Normally, regulated 
power supplies with 1% or less ripple are recommended 
for use with this ADC. See Layout Precautions, Power 
Supply Decoupling and Figure 4. 


LAYOUT AND OPERATING INSTRUCTIONS 


LAYOUT PRECATUIONS 

Analog and digital common are not connected internally 
in the ADC72 but should be connected together as close 
to the unit as possible, preferably to a large plane under 
the ADC. If these grounds must be run separately, use 
wide conductor pattern and a 0.01/xF to O.ljuF non- 
polarized bypass capacitor between analog and digital 
commons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
( Pin 27) is extremely sensitive to noise. Any connection to 
this point should be as short as possible and shielded by 
Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 
The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 4 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. Bypass 1/xF electrolytic type capacitors 
with O.OIaiF ceramic capacitors for improved high 
frequency performance. 



FIGURE 4. Recommended Power Supply Decoupling. 


INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to utilize 
the maximum signal resolution of the A/ D converter. 
Connect the input signal as shown in Table II. See Figure 
5 for circuit details. 


TABLE II. ADC72 Input Scaling Connections. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 26 
To Pin 

Connect 
Pin 24 

To 

Connect 

Input 

Signal 

To Pin 

±10V 

COB or CTC* 

27 

Input Sig. 

24 

±5V 

COB or CTC* 

27 

Open 

25 

±2.5V 

COB or CTC* 

27 

Pin 27 

25 

0 to +5V 

CSB 

22 

Pin 27 

25 

Oto+IOV 

CSB 

22 

Open 

25 

0 to +20V 

CSB 

22 

Input Sig. 

24 


‘Obtained by inverting MSB iPin 1 1 . 



FIGURE 5. ADC72 Input Scaling Circuit. 


OPTIONAL EXTERNAL GAIN AND OFFSET ADJUSTMENTS 


Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with 100ppm/°C or better TCR’s are 
recommended for minimum drift over temperature and 
time. These pots may be any value from 10kfl to lOOkH. 
All resistors should be 20% carbon or better. Pin 29 (Gain 
Adjust) and Pin 27 (Offset Adjust) may be left open if no 


external adjustment is required. 

ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer (make sure 
Ri is as close to pin 27 as possible) as shown in Figure 6. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits Off 
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Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E 0 ^- The ideal transition 
voltage values of the input are given in Table I. 



FIGURE 6. Two Methods of Connecting Optional 
Offset Adjust with a 0.49r of FSR Range 
of Adjustment. 


GAIN - Connect the Gain adjust potentiometer as shown 
in Figure 7. Sweep the input through the end point 
transition voltage that should cause an output transition 
to all bits on (E°n). Adjust the Gain potentiometer until 
the actual end point transition voltage occurs at E^ • 


Table I details the transition voltage levels required. 



FIGURE 7. Connecting Optional Gain Adjust with a 
0.6 l }( Range of Adjustment. 


EXTERNAL CLOCK 

If an external clock is used, connect the external clock to 
convert command, pin 3 1 . The convert command shown 
in Figure 2 is not used. After each conversion is 
completed, a new conversion cycle will automatically 
start on the first falling edge of the external clock 
following the completion of conversion. The clock out 
signal will remain as shown in Figure 2 even if an external 
clock is used. 


The external clock pulse must be a negative-going pulse 
with a width between lOOnsec and 200nsec as shown in 
Figure 2, and must be at a lower frequency than the 
internal clock. 

ADDITIONAL CONNECTIONS REQUIRED 

The ADC72 may be operated at faster speeds for 
resolutions less than 1 4 or 1 3 bits, depending on the model 
selected, by connecting the Short-Cycle Input, pin 32, as 
shown in Table III. Conversion speeds, linearity, and 
resolutions are shown for reference. 


TABLE 1 1 1. Snort-Cycle Connections and Specifications 
for 12- to 14-Bit Resolutions. 


Resolution i Bits' 

14 

13 

12 

Connect Pin 32 to 

Pin 15 

Pin 14 

Pin 13 

Maximum Conversion 

Speed i/iseC'O) 

50 

46.5 

43 

Maximum Nonlinearity 
at 25° C %of FSR 

0.003(2) 

0.006 

0.006 


NOTES: 

1. Max. conversion time to maintain specified nonlinearity error. 

2. BM and KM models only. 


OUTPUT DRIVE 

Normally all ADC72 logic outputs will drive 2 standard 
TTL loads; however, if long digital lines must be driven, 
external logic buffers are recommended. 

HEAT DISSIPATION 

The ADC72 dissipates approximately 1.3 watts (typical) 
and the packages nave a case-to-amoient thermal resist- 
ance (Oca) of 25 l ’C/W. For operation above 70°C, Oca 
should be lowered by a heat sink or by forced air over the 
surface of the package. See Figure 8 for0cA requirement 
above 70°C. If the converter is mounted on a PC card, 
improved thermal contact with the copper ground plane 
under the case can be achieved using a silicone heat sink 
compound. On a 0.062" thick PC card with a 16 square 
inch (min.) area, this technique will allow operation to 
85°C. 



FIGURE 8. Oca Requirement Above 70°C. 
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ORDERING INFORMATION 


MODEL 

TEMPERATURE RANGE 

NONLINEARITY 

ADC72JM 

ADC72KM 

ADC72AM 

ADC72BM 

0°C to +70°C 

0°C to +70° C 
-25°C to T85°C 
-25°C to +85°C 

±0.006% FSR 
±0.003% FSR 
±0.006% FSR 
±0.003% FSR 
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16-Bit Hybrid 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 

• LINEARITY ERROR ±0.003% MAX (KG) 

• COMPACT DESIGN 
32-Pln Ceramic Package 

• LOW COST 

• IS^sac CONVERSION TIME (14-BIT) 


DESCRIPTION 


The ADC76 is a low cost, high quality, 16-bit 
successive approximation analog-to-digital conver- 
ter. The ADC76 uses state-of-the-art 1C and laser- 
trimmed thin-film components and is packaged in a 
convenient 32-pin dual-in-line package. The conver- 
ter is complete with internal reference, short cycling 
capabilities, and thin-film scaling resistors, which 
allows selection of analog input ranges of ±2.5V, 
±5V, ±I0V, 0 to +5V, 0 to +I0V and 0 to +20V. 
Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are DTL/TTL compatible. 
Power supply voltages are ±15VDC and +5VDC. 



International Airport Industrial Park - P.0. Box 11400 • Tucson. Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRC0RP - Telex: 66-6 
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THEORY OF OPERATION 

The accuracy of a successive approximation A/D con- 
verter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±I/2LSB. The 
remaining errors in the A/ D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In sum- 
mary, these errors consist of initial errors including Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1 ) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is unad- 
justable and is the most meaningful indicator of A/D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at any 
level over the range of the A/ D converter. A Differential 
Linearity error of ± I / 2LSB means that the width of each 
bit step over the range of the A/D converter is 1LSB, 
±1 /2LSB. 

The ADC76 is also Monotonic, assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guar- 
antees that this converter will have no missing codes over 



FIGURE I . Input vs Output for an Ideal Bipolar A/D 
Converter. 


a specified temperature range when short cycled for 14-bit 
operation. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (01 10 01 1 1 01 10 1001 is the digital output). 
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DIGITAL CODES 
Parallel Data 

Two binary codes are available on the ADC76 parallel 
output; they are complementary (logic “0” is true) straight 
binary (CSB) for unipolar input signal ranges and 
complementary offset binary (COB) for bipolar input 
signal ranges. Complementary two’s complement (CTC) 
may be obtained by inverting MSB (pin 1). 

Table 1 shows the LSB, transition values, and code 
definitions for each possible analog input signal range for 
12-, 13- and 14-bit resolutions. Figure 3 shows the 


connections for 14-bit resolution, parallel data output, 
with ±I0V input. 

Serial Data 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with MSB occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values shown in Table 1 also apply to the serial data 
output except for the CTC code. 



FIGURE 3. ADC76 Connections For: ±10V Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 


Binary (BIN) 


INPUT VOLTAGE RANGE AND LSB VALUES 



Output 








Analog Input 
Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

0 to +10V 

0 to +5V 

0 to +20V 

Code 


COBO) 

COBO) 

COBO) 




Designation 


or CTC(2) 

or CTC(2) 

or CTC(2) 

CSB(3) 

CSB(3) 

CSB<3) 

One Least 

FSR 

20V 

toy 

5V 

10V 

5V 


Significant 

2 n 

2 n 

2 n 

2 n 


2 n 

Bit (LSB) 

n = 12 

4.88mV 

2.44mV 

1 ,22mV 

wm 

1.22mV 

4.88mV 


n = 13 

2.44mV 

1.22mV 

610 m V 


610 m V 

2.44mV 


ii 

c 

1 .22mV 

610/xV 

305 pV 


305 m V 

1.22mV 

Transition Values 








MSB LSB 

000... 000(4) 

-4-Full Scale 

+10V -3/2LSB 

+5V -3/2LSB 

+2.5V -3/2LSB 

+10V -3/2LSB 

+5V -3/2LSB 

+20V -3/2LSB 

011. .111 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

-MOV 

111 ...110 

-Full Scale 

-10V -M/2LSB 

-5V +1/2LSB 

-2.5V +1/2LSB 

0 + 1/2LSB 

0 + 1/2LSB 

0 + 1/2LSB 

0)COB = Complementary Offset Binary 


(3)CSB = Complementary Straight Binary 


I (2)CTC = Complementary Two’s Complement - obtained by 

(4)Voltages given are the nominal value 


| inverting the most significant bit. MSB (pin 1 1 . 


for transition to the code specified. 
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SPECIFICATIONS 

ELECTRICAL 

At +25° C and rated power supplies unless otherwise noted. 


MODEL 


Voltage Ranges 
Bipolar 
Unipolar 

Impedance (Direct Input) 
0 to +5V, ±2.5V 
0 to +10V, ±5.0V 
0 to +20V, ±10V 


DIGITAL INPUTS! D 


Convert Command 
Logic Loading 
External Clock 


TRANSFER CHARACTERISTICS 


ACCURACY 

Gain Errortf) 

Offset Error 
UnipolarO) 

BipotarO) 

Linearity Error 
Inherent Quantization Error 
Differential Linearity Error 
Noise 1 3o, p-p ) 


POWER SUPPLY SENSITIVITY 

±15VDC 

+5VDC 


Positive pulse 50nsec wide (min) trailing edge (‘‘I" to "0” initiates conversion! 

i i i i i i i 

Negative pulse 100-200nsec wide. Frequency < internal clock(2) 


l EHHggBra am 


WARM-UPTIME 


DRIFT 

Gain 

Offset 

Unipolar 

Bipolar 

Linearity 

No Missing Codes Temp Range 
KG (14-bit) 

JG (13-bit) 


±0.2 

±0.1 

±0.2 

±0.006 

% 

% of FSR<4) 

% Of FSR 
% of FSR 

LSB 

% of FSR 
% of FSR 


% of FSR/%Vs 
% Of FSR/%Vs 

15 

M sec 


min 

±15 

ppm/°C 

±4 

ppm of FSR/°C 

±10 

ppm of FSR/°C 

±3 

ppm of FSR/°C 

°C 

50 

°C 


DIGITAL DATA 

(All codes complementary) 
Parallel 

Output Codes(6) 

Unipolar 
Bipolar 
Output Drive 
Serial Data Code (NRZi 
Output Drive 
Status 

Status Output Drive 
Internal Clock 
Clock Output Drive 
Frequency!®) 


POWER SUPPLY REQUIREMENTS 

Power Consumption 
Rated Voltage, Analog 
Rated Voltage, Digital 
Supply Drain +15VDC 
Supply Drain -15VDC 
Supply Drain +5VDC 


TEMPERATURE RANGE 

Specification 

Operating (derated specs) 

Storage 
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NOTES: 

1 . DTL/TTL compatible, i.e., Logic “0" = 0.8V, max, Logic “1” = 2.0V, min for inputs. For digital outputs Logic “O'* = 0.4V, max, Logic “1” = 2.4V, min. 

2. See External Clock operating instructions. 

3. Adjustment to zero. See “Optional External Gain and Offset Adjustment” section. 

4. FSR means Full Scale Range. For example, unit connected for ±10V range has 20V FSR. 

5. Conversion time may be shortened with “Short Cycle” set for lower resolution and with use of Clock Rate Control. See “Optional Conversion Time 
Adjustment” section. The Clock Rate Control ( pin 23) should be connected to Digital Common for specified conversion time. Short Cycle ipin 32) 
should be left open for 16-bit resolution or connected to the n + 1 digital output for n-bit resolution For example, connect Short Cycle to Bit 15 1 pin 15) for 
14-bit resolution. For resolutions less than 16 bits, pin 32 should also be tied to +5V througha 2k(l resistor. 

6. See Table I. CSB - Complementary Straight Binary. COB - Complementary Offset Binary. CTC - Complementary Two's Complement. 

7. CTC coding obtained by inverting MSB (pin 1 ). 

8. Adjustable with Clock Rate Control from approximately 933kHz to 1.4MHz. See Figures 12 and 13 and Table III. 


MECHANICAL 



CASE: Ceramic 
MATING CONNECTOR: 
2302 MC 

WEIGHT: 13 grams <0.46 oz., 
HERMETICITY: 

Conf orms to method 1014 
condition C step 1 > fluoro- 
carbon' of MIL-STD-883 
gross leak . 



CONNECTION DIAGRAM 



TYPICAL PERFORMANCE CURVES 


GAIN DRIFT ERROR <% OF FSR ) 
VS TEMPERATURE 


POWER SUPPLY REJECTION V$ 
SUPPLY RIPPLE FREQUENCY 




+25° 

Temperature °C 


10 100 Ik 10k 100k 

Frequency (Hz' 
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DISCUSSION OF 
SPECIFICATIONS 

The ADC76 is specified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A/ D converter are linearity, 
drift, gain and offset errors, and conversion speed effects 
on accuracy. This ADC is factory-trimmed and tested for 
all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±0.1% of FSR (±0.05% for unipolar offset) at 
25°C. These errors may be trimmed to zero by connecting 
external trim potentiometers as shown in Figures 7 and 8. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect 
accuracy. The ADC76 power supply sensitivity is speci- 
fied at ±0.003% of FSR/%Vs for the ± 1 5 V supplies and 
±0.0015% of FSR/%V s for the +5V supply. Normally, 
regulated power supplies with 1% or less ripple are 
recommended for use with this ADC. See Layout Precau- 
tions, Power Supply Decoupling, and Figure 5. 

LINEARITY ERROR 

Linearity error is not adjustable and is the most meaning- 
ful indicator of A/ D converter accuracy. Linearity is the 
deviation of an actual bit transition from the ideal 
transition value at any level over the range of the A/D 
converter. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity describes the step size between 
transition values. A differential linearity error of ±0.003% 
of FSR indicates that the size of any step may not vary 
from the ideal step size by more than 0.003% of Full Scale 
Range. 
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FIGURE 4. Linearity and Differential Linearity 
Versus Conversion Time. 


ACCURACY VERSUS SPEED 

I n successive approximation A/ D converters, the conver- 
sion speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and 
differential linearity errors for the ADC76 are shown in 
Figure 4. 

LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADC76, but should be connected together as close 
to the unit as possible, preferably to a large plane under 
the ADC. If these grounds must be run separately, use 
wide conductor pattern and a 0.01/uF toO. 1/iF nonpolar- 
ized bypass capacitor between analog and digital com- 
mons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
( pin 27) is extremely sensitive to noise. Any connection to 
this point should be as short as possible and shielded by 
Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 5 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. 



FIGURE 5. Recommended Power Supply Decoupling. 


INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to utilize 
the maximum signal resolution of the A, D converter. 
Connect the input signal as shown in Table II. See Figure 
6 for circuit details. 


TABLE II.ADC76 Input Scaling Connections. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 26 

To Pin 

Connect 
Pin 24 

To 

Connect 

Input 

Signal 

To Pin 

±10V 

COB or CTC* 

27 

Input Sig. 

24 

±5V 

COB or CTC* 

27 

Open 

25 

±2.5V 

COB or CTC* 

27 

Pin 27 

25 

0 to +5V 

CSB 

22 

Pin 27 

25 

0 to +10V 

CSB 

22 

Open 

25 

0 to +20V 

CSB 

22 

Input Sig. 

24 


'Obtained by inverting MSB (pin 1 1 . 
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FIGURE 6. ADC76 Input Scaling Circuit. 

OUTPUT DRIVE 


Normally all ADC76 logic outputs will drive two standard 
TTL loads; however, if long digital lines must be driven, 
external logic buffers are recommended. 

INPUT IMPEDANCE 

The input signal to the ADC76 should be a low impe- 
dance, such as the output of an op amp to avoid any errors 
due to the relatively low input impedance of the ADC76. 
If this impedance is not low, a buffer amplifier should be 
added between the input signal and the direct input to the 
ADC76 as shown in Figure 7. 



OPTIONAL EXTERNAL GAIN AND 
OFFSET ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 8 and 9. Multiturn 
potentiometers with 100ppm/°C or better TCR’s are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkfl to lOOkfl. 
All resistors should be 20% carbon or better. Pin 29 (Gain 
Adjust) and pin 27 (Offset Adjust) may be left open if no 
external adjustment is required. 

ADJUSTMENT PROCEDURE 

Offset - Connect the Offset potentiometer (make sure Ri 
is as close to pin 27 as possible) as shown in Figure 8. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 
(E°in )• 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E oi in. The ideal transition 
voltage values of the input are given in Table I. 

Gain -Connect the Gain adjust potentiometer as shown in 
Figure 9. Sweep the input through the end point transition 
voltage that should cause an output transition to all bits 
on (E ( iK). Adjust the Gain potentiometer until the actual 
end point transition voltage occurs at E ( in. 


Table I details the transition voltage levels required. 



FIGURE 8. Two Methods of Connecting Optional 

Offset Adjust With a 0.4% of FSR Range 
of Adjustment. 



FIGURE 9. Connecting Optional Gain Adjust With a 
0.6% Range of Adjustment. 


EXTERNAL CLOCK 

If an external clock is used, connect the external clock to 
Convert Command, pin 3 1 . The convert command shown 
in Figure 2 is not used. After each conversion is com- 
pleted, a new conversion cycle will automatically start on 
the first falling edge of the external clock following the 
completion of conversion. The clock out signal will 
remain as shown in Figure 2 even if an external clock is 
used. The external clock pulse must be a negative going 
pulse with a width between lOOnsec and 200nsec as shown 
in Figure 2, and must be at a lower frequency than the 
internal clock. The circuit in Figure 10 shows a simple 
technique for generating a clock signal with the required 
duty cycle from an external clock with an arbitrary duty 
cycle. The external clock must operate at a lower 
frequency than the internal clock for proper operation. 
This should not present a problem since the frequency of 
the internal clock can be increased to any desired value by 
using the Clock Rate Control, pin 23. Figure 1 1 shows a 
conversion using a continuous external clock. 

OPTIONAL CONVERSION TIME ADJUSTMENT 

The ADC76 may be operated with faster conversion times 
for resolutions less than 14 bits by connecting the Clock 
Rate Control (pin 23) and the Short Cycle (pin 32) as 
shown in Table 111. Typical conversion times for the 
resolution and connections are indicated. 


TABLE HI. Short Cycle and Clock Rate Control 

Connections for 12- to 16-Bit Resolutions. 


Resolution i Bits > 

16 

15 

14 

13 

12 

Connect Pin 32* to 

Open 

Pin 16 

Pin 15 

Pin 14 

Pin 13 

Connect Pin 23 to 

Pin 19 

Pin 19 

Pin 19 

Pin 30 

Pin 30 

Typical Conversion Time 

17#isec 

16mS6C 

1 5/iSec 

10/iSec 

8|isec 


*For resolutions less than 16 bits also connect a 2kn resistor from +5V to 
pin 32. 
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FIGURE 10. Continuous Conversion Using External 
Clock With Arbitrary Duty Cycle. 



FIGURE 1 1 . Conversion Initiated by Convert Command 
Using Continuous External Clock. 


If a more precise adjustment of conversion time is desired 
than can be obtained by simply connecting the Clock 
Rate Control (pin 23) to Digital Common or +5V, as 
indicated in Table III, the Clock Rate Control may be 
connected to an external multiturn trim potentiometer 
withaTCR of ±100ppm/“C or less as shown in Figure 12. 
The typical conversion time versus the Clock Rate 
Control voltage is shown in Figure 13. The effect of 


@ 

A +15VDC 

>5kn 

INTERNAL CLOCK 

CLOCK RATE CONTROL 

X 

FREQUENCY ADJUST 


FIGURE 12. Clock Rate Control, Optional Fine Adjust. 



FIGURE 13. Conversion Time vs Clock Rate Control 


Voltage. 

varying the conversion time and the resolution on Linear- 
ity Error and Differential Linearity Error is shown in 
Figure 4. 

HEAT DISSIPATION 

The ADC76 dissipates approximately 1.8 watts (typical) 
and the packages have a case-to-ambient thermal resist- 
ance (0i a) of 25°C/W. For operation above 70°C, 0c A 
should be lowered by a heat sink or by forced air over the 
surface of the package. See Figure 14for0c A requirement 
above 70°C. If the converter is mounted on a PC card, 
improved thermal contact with the copper ground plane 
under the case can be achieved using a silicone heat sink 
compound. On a 0.062" thick PC card with a 16 square 
inch (minimum) area, this technique will allow operation 
to +85‘*C. 



FIGURE 14. 0c A Requirement Above 70°C. 
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BURR -BROWN® 


CONVERTER 


ADC80 


ADC8QAG- 


1C ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 

• COMPACT DESIGN - Self-contained with internal clock, 

comparator, and reference 

32-pin ceramic package 

• FAST CONVERSION SPEEOS 

Provide fast signal sampling rates 
12-bits - 25psec, 10-bits - 21psec 
Faster conversion speeds obtainable with 
“Short-Cycling” and optional external clock 

• LOW COST 

• WIDE SUPPLY RANGE - Will operate with 

±10.8V to ±16V supplies (Z models) 

FUNCTIONAL DIAGRAM 



DESCRIPTION 

The M odel ADC80AG- 1 0 and ADC80AG- 1 2 are 1 0- 
and 12-bit successive approximation A/D 
converters. They utilize state-of-the-art IC and laser- 
trimmed thin-film components, and are packaged in 
a compact 32-pin ceramic package. 

Complete with internal reference, the ADC80 offers 
versatility and performance formerly offered only in 
larger modular or rack-mount packages. 

Thin-film internal scaling resistors are provided for 
the selection of analog input signal ranges of ±2.5V, 
±5V, ±10V, 0 to +5V or 0 to + 10V. 

Gain and offset errors may be externally trimmed to 
zero, offering initial accuracies of better than 
±0.0122% (±1 /2LSB). The model ADC80 is 
specified for -25°C to +85°C operation. 

The fast conversion speeds of 25/usec for 12-bit and 
21/Ltsec for 10-bit resolution make the ADC80 
excellent for a wide range of applications where 
system throughput sampling rates from 40kHz to 
47kHz are required. In addition, the ADC80 may be 
short cycled and an external clock may be used to 
obtain faster conversion speeds at lower resolutions. 
Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are DTL/TTL-compatible. 
Two power supply ranges are available: ±15V and 
±12V (Z models). A +5V logic supply is also 
required. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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DISCUSSION OF 

The accuracy of a successive approximation A/D converter is de- 
scribed by the transfer function shown in Figure 1. All succes- 
sive approximation A/D converters have an inherent QUANTI- 
ZATION ERROR of±l/2LSB. The remaining errors in the A/D 
converter are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, power supply rejection, and reference errors. 

In summary, these errors consist of initial errors including GAIN, 
OFFSET, LINEARITY, DIFFERENTIAL LINEARITY and 
POWER SUPPLY SENSITIVITY. Initial GAIN and OFFSET 
errors may be adjusted to zero. GAIN drift over temperature 
rotates the line (Figure 1) about the zero or minus full scale 
point (all bits OFF) and OFFSET drift shifts the line left or 
right over the operating temperature range. LINEARITY error 
is unadjustable and is the most meaningful indicator of A/D 
converter accuracy. LINEARITY error is the deviation of an 
actual bit transition from the ideal transition value at any level 
over the range of the A/D converter. A DIFFERENTIAL LINE- 
ARITY error of +1 /2LSB means that the width of each bit step 
over the range of the A/D converter is 1LSB +1/2LSB. 

The ADC80 is also MONOTONIC, assuring that the output digi- 
tal code either increases or remains the same for increasing ana- 
log input signals. A monotonic converter can have missing 


PERFORMANCE 



FIGURE 1 . Input vs output for an ideal bipolar A/D 
converter. 

*See Table I for digital code definitions. 

TIMING CONSIDERATIONS 

The timing diagram of the ADC80 (Figure 2) assumes an an- 
alog input such that the positive true digital word 10011 000- 
1001 exists. The output will be complementary as shown in 


codes; therefore, Burr-Brown specifies no missing codes over a Figure 2 (01 1001 1 101 10 is the digital output), 
temperature range. 


■ Maximum Throughput Time — 1 

Conversion Time (2) 




6 I 7 j 8 

" 1 " ' " 1 " " 1 " 


NOTES: (1) The convert command must be between 100 ns and 2 jus wide and must remain low during 
a conversion. The conversion is initiated by the "rising edge” of the convert command. 

(2) 25 ns for 12 bits and 21 jus for 10 bits. 


FIGURE 2. ADC80 Timing Diagram. 
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ELECTRICAL SPECIFICATIONS 

Typical at 25°C and rated power supplies unless otherwise noted. 



RESOLUTION 


INPUT 


ANALOG INPUTS 

Voltage Ranges - Bipolar 
- Unipolar 
Impedance (Direct Input) 
0 to +5V, ±2.5V 
0 to + 10V. ±5V 
±10V 


DIGITAL INPUTS " 1 

Convert Command 


Logic Loading 
External Clock 


TRANSFER CHARACTERISTICS 


ERROR 

Gain Error'" 

Offset Error 1 " - Unipolar 
- Bipolar 
Linearity Error (max) 141 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes Temp. Range 
Power Supply Sensitivity 
±I5V 
+5V 


DRIFT 

Specification Temperature Range 
Total accuracy, bipolar (max) 11 " 
Gain, (max) 

Offset - Unipolar 

- Bipolar, (max) 

Linearity, (max) 

Monotonicity 


CONVERSION SPEED(max ) 1 


OUTPUT 


DIGITAL DATA 

(all codes complementary) 
Parallel 

Output Codes"" - Unipolar 
- Bipolar 

Output Drive 
Serial Data Codes (NRZ) 
Output Drive 
Status 

Status Output Drive 
Internal Clock 
Clock Output Drive 


Positive Pulse 100ns Wide (min) 
2/asec Wide (max). 


CSB 

COB, CTC 
2 

CSB, COB 
2 

Logic “1” during conversion 
2 


Frequency 71 

500 

INTERNAL REF. VOLTAGE 

6.3 

Max. External Current (with no 


degradation of specifications) 

200 

Tempco of Drift (max) 

±20 


POWER REQUIREMENTS 


Rated Voltages 
Z models 

Range for Rated Accuracy 
Z models 

Supply Drain + I5V or + I2V 
-15V or - 12V 
+5V 


TEMPERATURE RANGE 

Specification 
Operating (derated spec) 
Storage 


±15, +5 
±12, +5 

4.75 to 5.25 and ±14.0 to ±16.0 
4.75 to 5.25 and ±10.8 to ±16.0 
+20 
-20 
+70 


-25 to +85 
<■55 to +100 
-55 to +125 


TTL Load 
TTL Load 



TTL Loads 
kHz 



MECHANICAL 


1. DTL/TTL compatible i.e.. Logic “0” = 0.8V max. Logic “T = 2.0V min for inputs and for digital outputs. 
Logic “0” = +0.4 V max and “1” = 2.4V min. 

2. FSR means Full Scale Range - for example, unit connected for ±10V range has 20V FSR. 

3. Adjustable to zero with external trimpots. 

4. Error shown is the same as ±1/2 LSB max for resolution of A/D converter. 

5. Conversion time with internal clock. 

6. See Table 1. CSB - Complementary Straight Binary. 

COB - Complementary Offset Binary. 

CTC - Complementary Two’s Complementary. 

7. For conversion speeds specified. 

8. Includes drift due to linearity, gain, and offset drifts. 



Connection Diagram 



PIN CONNECTIONS 
32 Bit 7 


2 Bit 5 

3 Bit 4 

4 Bit 3 

5 -Bit 2 

6 Bit 1 (MSB) 

7 +5V Analog Supply 

8 Bit 1 (MSHT) 

9 *5V Digital Supply 

10 Digital Common 

1 1 Comparator IN 
1 2 Bipolar Offset 

13 R1 10V Range 

14 R2 20V Range 

15 Analog Common 

16 Gain Ad|ust 


, -15V or -12 V (Z Models) 
Ref Out (-6 3V) 

I. Clock Out 
! Status 
Short Cycle 
I Clock Inhibit 
I External Clock 
I Convert Command 
’ *1 5Vor ♦ 12V (Z Models) 
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TYPICAL PERFORMANCE CURVES 


FIGURE 3. Linearity 
error vs conversion 
time. 
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FIGURE 4. Differential 
linearity error vs 
conversion time. 
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FIGURE 5. Gain drift 
error (% of FSR) vs 
temperature. 
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FIGURE 6. Power 
supply rejection 
vs power supply 
ripple frequency. 
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DEFINITION OF DIGITAL GOOES 


PARALLEL DATA 

Three binary codes are available on the ADC80 parallel out- 
put; they are complementary (logic “0” is true) straight 
binary (CSB) for unipolar input signal ranges and comple- 
mentary two’s complement (CTC) and complementary offset 
binary (COB) for bipolar input signal ranges. 

Table I describes the LSB, transition values and code defini- 
tions for each possible ADC80 analog input signal range for 
8, 10 and 12 bit resolutions. 


SERIAL DATA 

Two straight binary (complementary) codes are available on 
the serial output line of the ADC80; they are CSB and COB. 
The serial data is available only during conversion and appears 
with the most significant bit (MSB)occuring first. The serial 
data is synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition values 
shown in Table I also apply to the serial data output except 
for the CTC code. 


Binary (BIN) 

Output 

INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 

Voltage Range 

Defined As: 

±10V 

+ 5V 

±2.5V 

O to +10V 

O to +5 V 

Code 

Designation 


COB 

or CTC* 

COB 

or CTC* 

COB 

or CTC* 

CSB** 

CSB** 

One Least 

Significant 

Bit (LSB) 

FSR 

2 n 

n = 8 

n = 10 

n = 12 

20V 

2 n 

78.1 3mV 

19.53mV 

4.88mV 

10V 

2 n 

39.06mV 

9.77mV 

2.44mV 

5V 

2 n 

19.53mV 

4.88 mV 

1.22mV 

10V 

2 n 

39.06mV 

9.77mV 

2.44mV 

5V 

2 n 

19.53mV 

4.88mV 

1.22mV 

Transition Values 

MSB LSB 

OOO. . . OO0 * * * 

Oil. .. Ill 

111. . . 110 

+ Full Scale 

Mid Scale 

-Full Scale 

+ 10V -3/2 LSB 

0 

-10 V +%LSB 

+5V -3/2 LSB 

0 

-5V +V* LSB 

+2.5V -3/2 LSB 
0 

-2.5V + Vi LS B 

+ 10V -3/2 LSB 
+5V 

0 + y a LSB 

+ 5V -3/2 LSB 

+2.5 V 

0 +y 2 LSB 

* COB = Complementary Offset Binary * CTC = Complementary Two's complement - obtained by using the * * * Voltages given are the 

** CSB = Complementary Straight complement of the most significant bit (MSB). MSB is nominal value for transi- 

Binary available on pin 8. tion to the code specified. 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 


DISCUSSION OF SPECIFICATIONS 

The ADC80 is specified to provide critical performance criteria for a wide variety of 
applications. The most critical specifications for an A/D converter are linearity, drift, gain 
and offset errors and conversion speed effects on accuracy. The ADC80 is factory trimmed 
and tested for all critical key specifications. 


GAIN AND OFFSET ERROR 

Initial GAIN and OFFSET errors are factory trimmed to 
±0.1% of FSR (±0.05% for unipolar offset) at 25°C. These 
errors may be trimmed to zero by connecting external trim 
potentiometers as shown on page 6-53. 

ACCURACY DRIFT VS TEMPERATURE 

Three major drift parameters degrade A/D converter accuracy 
over temperature; they are gain, offset and linearity drift. 
The worst case accuracy drift is the summation of all three 
drift errors over temperature. Statistically, these errors do 
not add algebraically, but are random variables which behave 
as root-sum-squared (RSS) or la errors as follows: 

RSS=|4g 2 + Go 2 + Ge 2 
where Gg = gain drift error (ppm/°C) 

Go = offset drift error (ppm of FSR/°C) 

Ge = linearity error (ppm of FSR/°C) 

For unipolar operation, the total RSS drift is ±30.3ppm/°C. 


ACCURACY VS SPEED 

In successive approximation A/D converters, the conversion 
speed affects linearity and differential linearity errors. Con- 
version speed and its effect on linearity and differential 
linearity errors for the ADC80 are shown in Figures 3 and 4. 

The ADC80 conversion speeds are specified for a maximum 
linearity error of ± 1 / dLSB and a differential linearity error of 
±14LSB with the internal clock. Faster conversion speeds up 
to 23/is for 12 bits, 12/isec for 10 bits and 6jus for 8 bits are 
possible with an external clock (see page 6-54). 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect the accuracy of 
the ADC80. The ADC80 power supply sensitivity is specified 
for ±0.003% of FSR/%Vs for ±15V (±12V) supplies and 
±0.001 5% of FSR/%Vs for +5V supplies. Normally, regulated 
power supplies with 1% or less ripple are recommended for 
use with the ADC80. See layout precautions and power sup- 
ply decoupling on page 6-53. 
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LAYOUT and OPERATING INSTRUCTIONS 


LAYOUT PRECAUTIONS 


INPUT SCALING 


Analog and digital commons are not connected internally in 
the ADC80but should be connected together as close to the 
unit as possible, preferably to a large ground plane under the 
ADC80. If these grounds must be run separately, use wide 
conductor pattern and a O.Ol^iF to O.ljuF nonpolarized by- 
pass capacitor between analog and digital commons at the 
unit. Low impedance analog and digital common returns are 
essential for low noise performance. Coupling between ana- 
log inputs and digital lines should be minimized by careful 
layout. Analog and digital +5 volt supplies are also not con- 
nected internally; they should be connected together at the 
unit as shown below in Figure 7 (Pins 7 and 9). 


POWER SUPPLY DECOUPLING 


The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 7 to obtain 
noise free operation. These capacitors should be located 
close to the ADC80. ljuF electrolytic type capacitors should 
be bypassed with O.OljuF ceramic capacitors for improved 
high frequency performance. 



r 37 

25 O 


3 

15 O' 

"• J ♦ 

1 HF 

J- 

— 0 10 

i^O 



■ -15 V 
(-12V) 

An. Com. 


- f15V 
(+12V) 


FIGURE 7. Recommended power supply decoupling. 


The ADC80 input should be scaled as close to the maximum 
input signal range aspossible in order to utilize the maximum 
signal resolution of the A/D converter. Connect the input 
signal as shown in Table II. See Figure 8 for circuit details. 



Input 

Signal 

Range 

Output 

Code 

Connect 

Pin 12 
To Pin 

Connect 

Pin 14 

To 

Connect 

Input 

Signal 

To 

±10V 

COB or CTC 

11 

Input Signal 

14 

±5V 

COB or CTC 

11 

Open 

13 

±2.5V 

COB or CTC 

11 

Pin 11 

13 

0 to +5V 

CSB 

15 

Pin 1 1 

13 

0 to +10V 

CSB 

15 

Open 

13 


TABLE II. ADC80 Input scaling connections. 



Optional External Gain and Offset Adjustments 

Gain and Offset errors may be trimmed to zero using external gain and offset trim potentiometers 
connected to the ADC80 as shown in Figures 9 and 10. Multiturn potentiometers with 100ppm/°C 
or better TCR’s are recommended for minimum drift over temperature and time. These pots may 
be any value from 10 k£2 to 100 k£2. All resistors should be 20% carbon or better. Pin 16 (Gain 
Adjust) may be left open if no external adjustment is required. 


ADJUSTMENT PROCEDURE 


OFFSET - Connect the OFFSET potentiometer as shown in 
Figure 9. Sweep the input through the end point transition 
voltage that should cause an output transition to all ones. 


Adjust the OFFSET potentiometer until the actual end point 
transition voltage occurs at E ° FF The ideal transition volt- 
age values of the input are given in Table I. 


(a) 

(b) 


+ 15V (+12V) 

+ 15V 

+ 12V) 

n v?, 0 * , |iQfc«to 

11 180k 12 I80kl2 

A/i/u • -A* (V *r 4 

1 0kl2 

► to 

Comp. 1 100k £2 

Comp. L < 

f 100kl2 

1 N 1 Offset 

(HE, I**-* 

IN >22kl2** 1 

Offset 
\ Adjust 

*1.5M12 for Z models 
**28kl2 for Z models 

~ -15V (-12V) | 


FIGURE 9. Two methods of connectirig optional offset ad- 
just with a 0.4% of FSR range of adjustment. 


GAIN - Connect the GAIN adjust potentiometer as shown in 
Figure 10. Sweep the input through the end point transition 
voltage that should cause an output transition to all zeros. 

Adjust the GAIN potentiometer until the actual end point 

transition voltage occurs at E 

Table I details the transition voltage levels required. 


(a) 


+ 15V (+12V) 


16 1 OM12 * 

Gain 
Adjust 


10k 12 j 
to 

100k 12 
Gain 
Adj ust 

An< CH -15V (-12V) 
Com. * 8.2MS2 for Z models 
* * 9.1kl2 for Z models 


st “IO.OImF ' ■ 


(bi 


+ 15V (+12V) 


°T 

oT 


270k 12 

VYV- 


0.01 

MF 


270K12 

-VS*— 


j 1 0k 12 
pto 


100k 12 
3ain 

6.8k 12* * ^Adjust 
15V (-12V) 


FIGURE 10. Two methods of connecting optional gain ad- 
just with a 0.6% range of adjustment. 
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Clock Options 


The ADC80 is extremely versatile in that it can be operated in several different modes with either internal or external 
clock. Most of these options can be implemented with nothing more than an inexpensive quad 2-input NAND gate 
(7400) as shown in Figures 11 through 14. 


JL 


©I 


Convert 

Command 


Conv. 

'Com. 


Short 

Cycle 

Clock 

Inhibit 

External 

Clock 


©-7 

0H 

8H 
© 


10 Bit 
Operation 


| 12 Bit 

Operation 


FIGURE 11. INTERNAL CLOCK - NORMAL 
OPERATING MODE. Conversion initiated by the 
rising edge of the convert command. The internal 
clock runs only during conversion. 



FIGURE 12. CONTINUOUS CONVERSION WITH 
EXTERNAL CLOCK. Conversion is initiated by 
14th clock pulse. Clock runs continuously. 



FIGURE 13. CONTINUOUS EXTERNAL CLOCK. Conversion initiated by 
rising edge of convert command. The convert command must be synchronized 
with clock. 


470 pF 



39 Ofi 

T 

0.0047 

E? 

HTY_ 







Bit 11 

Conv. 

Com. 

Short 

Cycle 


Clock 

ADC80 

Inhibit 

Status 

Ext. 

Clock 


B- 


Operation 


, 12 Bit 

Operation 


FIGURE 14. CONTINUOUS CONVERSION WITH INTERNAL CLOCK. Con- 
version is initiated by the 14th clock pulse. Clock runs continuously. The 
oscillator formed by gates 2 and 3 insures that the conversion process will start 
when logic power is first turned on. 


Short Cycle Feature 


The ADC80 may be operated at faster speeds for resolutions less than 10 or 12 bits, depending on the 
model selected, by connecting the short cycle pin, pin 21, as shown in Table III. Conversion speeds, 
linearity, and resolutions are shown for reference. 


RESOLUTION (BITS) 

12 

10 


Connect Pin 21 to 

Pin 9 

Pin 28 

Pin 30 

Maximum Conversion Time^ 
Internal Clock (jusec) 
External Clock (jLisec) 



18 

6 



0.048 (3) 


NOTES: (1) Max conversion time to maintain ±ViLSB Nonlinearity error. 

(2) 12 Bit Models only. 

(3) 10 or 12 Bit Models. 


TABLE III. Short cycle connections and resolutions for 8 to 12 bit resolutions - ADC80. 


Output Drive 

Normally all ADC80 logic outputs will drive 2 standard TTL loads; however if long digital 
lines must be driven, external logic buffers are recommended. 
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APPLICATIONS 


LOW COST 

DATA ACQUISITION 

SYSTEM 



FIGURE 15. Low Cost Data Acquisition System. 


ZERO DROOP SAMPLE/HOLD 


A zero droop - infinite hold sample/hold 
can be constructed with the ADC80 with 
the circuit shown in Figure 16. A sample 
command will cause the relay to switch 
the analog input to the ADC 80 input and 
also generate a convert command to the 
ADC80. The sample pulse width (T^) 
should be greater than the combined 
switching and settling time of the relay 
and driver circuit and the ADC80 conver- 
sion time. 

In the HOLD mode, the analog value can 
be held indefinitely with zero droop. The 
period of the first one-shot multivibrator, 
must be equal to or greater than Tr, the 
switching time of the relay. 



FIGURE 16. Zero Droop Infinite Hold Sample/Hold using ADC80 
and a few external components. 


ORDERING 

INFORMATION 


ADC80AG - XX 



A/D Converter family Blank - ±14. OV to ±16. OV supply range Resolution (No. of Bits) 

A = -25°C to +85°C Z - ±10.8V to ±16. OV Supply range 10= 10 Bits 

G = Ceramic Package 12=12 Bits 
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1C ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 

• ABSOLUTE ACCURACY - No external gain or offset 

adjustments are required for 0 to +1 OV or ±1 OV 
signal ranges 

• PRECISION - ±1/2LSB maximum nonlinearity error 

• COMPACT DESIGN - 24-pin ceramic or metal dual-in- 

line package 

• LOW COST - Ceramic packaged ADC82AG 

DESCRIPTION 

The model ADC82AG and ADC82AG are high- 
speed, 8-bit successive-approximation A/D convert- 
ers designed for applications requiring system 
throughput sampling rates of over 300kHz. They 
utilize state-of-the-art IC and laser-trimmed thin- 
film components and are packaged in a 24-pin 
ceramic (ADC82AG) or metal ( ADC82AM) package. 
Thin-film internal scaling resistors are provided for 
the selection of analog input signal ranges of ±2.25V< 
±5V, ±10V, 0 to +5, 0 to + 10V, or 0 to +20V. 


• FAST CONVERSION SPEED - 2.8 M sec, max 
Throughput sampling rates of over 300kHz 
Faster conversion speeds obtainable with 
optional external clock 

> COMPLETELY SELF-CONTAINED - Internal clock, 
comparator, and reference 


No external adjustments are required to obtain 
initial absolute accuracies of better than ±1LSB for 
the 0 to + 1 OV or ± 1 OV signal ranges. Gain and offset 
errors may be externally trimmed to zero to obtain 
even greater accuracy. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are DTL/ TTL-compatible. 
Power supply voltages are ±I5VDC and +5VDC. 


FUNCTIONAL DIAGRAM 


CLOCK OUT C 
DIGITAL COMMON C 


DIGITAL 7 ^ 
OUTPUT | C 



3 LOGIC SUPPLY 
3 CONVERT COMMAND 

3 CLOCK IN 
3 SERIAL DATA OUT 

3’ V CC 

3 +V CC 

3 COMPARATOR 
3 ANALOG COMMON 
3 BIPOLAR OFFSET 

3\ INPUT 
Jj RANGE SELECT 

3 GAIN ADJUST 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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DISCUSSION OF 
PERFORMANCE 


The accuracy of a successive approximation A/D con- 
verter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±1/2LSB. The 
remaining errors in the A/ D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors, including Gain, 
Offset, Linearity, Differential Linearity and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1 ) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is un- 
adjustable and is the most meaningful indicator of A/ D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at any 
level over the range of the A/ D converter. A Differential 
Linearity error of ± 1 / 2LSB means that the width of each 
bit step over the range of the A/D converter is 1LSB 
±1 / 2LSB. 

The ADC82 is also Monotonic, assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. A monotonic converter 
can have missing codes; therefore, Burr-Brown specifies 
no missing codes over a temperature range. 

TIMING CONSIDERATIONS 

The timing diagram of the A DC82 (see Figure 2) assumes 
an analog input such that the positive true digital word 
1001 1000 exists. The output will be complementary as 
shown in Figure 2 (01 1001 1 1 is the digital output). 


THROUGHPUT RATE *| 

CONVERT^ 1 ) r-T- CONVERSION TIME^ — ►! |-| 

COMMAND I MUST REMAIN “LOW" UNTIL STATUS GOES “LOW” | | 


INTERNAL 

CLOCK 


STATUS 


juuuuiJinjuLJi 

r 


MSB 


BIT 2 


BIT 3 


r:n_r 


B| T 4 j 

B |T 5 j 

BIT 6 J 

B |T 7 ] 

LSB r 


SERIAL 
DATA OUT 


MSB 

1 

2 | 3 

4 ! 5 

; J LSB 

6 l 7 ! 8 


r 

r 


NOTE: (1) CONVERSION IS INITIATED BY THE “FALLING EDGE OF 
CONVERT COMMAND. 

(2) 2.8/usec 

FIGURE 2. ADC82 Timing Diagram. 



FIGURE 1. Input vs Output for an Ideal Bipolar 
A/D Converter. 
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SPECIFICATIONS 


MECHANICAL 


ELECTRICAL 

Typical at +25°C and rated power supplies unless otherwise noted. 


MODEL 

ADC82AG ADC82AM 

UNITS 

RESOLUTION 

8 

Bits 

| INPUT | 

ANALOG INPUTS 



Voltage Ranges 



Bipolar 

±2.5, ±5, ±10 

V 

Unipolar 

0 to +5, 0 to +10, 0 to +20 

V 

Impedance (Direct Inputs) 



0 to +5V, ±2.5V 

3.125 

kfl 

Oto+IOV, ±5V 

6.25 

k n 

0 to +20 V, ±10V 

12.50 

kn 

DIGITAL INPUTS(l) 



Convert Command 

Positive pulse 50nsec 



wide (min) trailing edge 



(“I” to “0”) initiates conversion 


Logic Loading 

1 

TTL Load 

External Clock 

1 

TTL Load 

| TRANSFER CHARACTERISTICS | 

ERROR 



Total Accuracy Error, max 

±1 

LSB 

Gain Error(2) 

±0.1 

% 

Offser Error(2) 



Unipolar 

±0.05 

% of FSRO) 

Bipolar 

±0.05 

% of FSR 

Linearity Error, max(4) 

±0.2 

% of FSR 

Inherent Quantization Error 

±1/2 

LSB 

Differential Linearity Error 

±1/2 

LSB 

No Missing Codes Temp. Range 

Oto 70 

°C 

Power Supply Sensitivity 



+15V 

±0.02 

% of FSR/%Vs 

+5V and -15V 

±0.006 

% of FSR/%Vs 

DRIFT 



Specification Temp. Range 

-25 to +85 

°C 

Gain, max 

±40 

ppm/°C 

Offset 



Unipolar 

±20 

ppm of FSR°C 

Bipolar, max 

±35 

ppm of FSR°C 

Linearity, max 

±20 

ppm of FSR/°C 

Monotonicity 

Guaranteed 


CONVERSION SPEED, max(5) 

2.8 

nsec 

| OUTPUT | 

DIGITAL DATA(AII codes 



complementary) 



Parallel 



Output Codes(6) 



Unipolar 

CSB 


Bipolar 

COB, CTC 


Output Drive 

5 

TTL Loads 

Serial Data Codes (NRZ) 

CSB, COB 


Output Drive 

5 

TTL Loads 

Status 

Logic “1” during conversion 


Status Output Drive 

5 

TTL Loads 

Internal Clock 



Clock Output Drive 

4 

TTL Loads 

Frequency(7) 

2.85 

MHz 

POWER REQUIREMENTS 



Rated Voltages 

±15, +5 

VDC 

Range for Rated Accuracy(8) 

+4.75 to +5.25, ±14.5 to ±15.5 

VDC 

Supply Drain, +15VDC 

+20 

mA 

-15VDC 

-20 

mA 

+5VDC 

+80 

mA 

| TEMPERATURE RANGE f 

Specification 

-25 to +85 

°C 

Operating (derated specs) 

-55 to +100 

°C 

Storage 

-55 to +125 

°C 


r 
LU 


j 

-t 


j Pin numbers shown for 
preference only. Numbers 
may not be marked on 
package. 




V 


NOTE: 

Leads in true position within 
0.10" (0.25mm) R at seating plane. 


T1TTTTTTT 



D JL 




MILLIMETERS 



CASE: Ceramic 
MATING CONNECTOR: 
245MC 

PIN: Pin material and 
plating composition con- 
form to method 2003 
(solderability) of MIL- 
STD-883 (except para- 
graph 3.2). 

WEIGHT: 7 grams, (0.25 
oz). 


NOTE: 

Leads in true position 
within 0.10" (0.25mm) Rat 
seating plane. 


L-l-j- 


MILLIMETERS 


Pin numbers shown for 
reference only. Numbers 
may not be marked on 
package. 

CASE: Nickel Plated 
MATING CONNECTOR: 
245MC 

PIN: Pin material and 
plating composition con- 
form to method 2003 
(solderability) of MIL- 
STD-883 (except para- 
graphs^). 

WEIGHT: 7 grams, (0.25 
oz). 


NOTES: 

1 . DTL/TTL compatible i.e., Logic “0” = 0.8V max, Logic "1 ” 
= 2.0V min. 

2. FSR means Full Scale Range - for example, unit 
connected for ±10V range has 20V FSR. 

3. Adjustable to zero with external trimpots. 

4. Error shown is the same as ±1/2LSB max for resolution 
of A/D converter. 

5. Conversion time with internal clock. 

6. See Table I. CSB - Complementary Binary. 

COB - Complementary Offset Binary. 
CTC - Complementary Two’s Complement. 

7. For conversion speeds specified. 

8. ±14.0V to ±16.0V for ±1-1/4LSB total accuracy error. 
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CONNECTION DIAGRAM 


PIN ASSIGNMENTS 


1 . 

Clock Out 

24. 

+5V 

2. 

Digital Common* 

23. 

Convert Command 

3. 

Status 

22. 

Clock In 

4. 

Bit 8 (LSB) 

21. 

Serial Out 

5. 

Bit 7 

20. 

-15V 

6. 

Bit 6 

19. 

+15 

7. 

Bit5 

18. 

Comparator Input 

8. 

Bit 4 

17. 

Analog Common 

9. 

Bit 3 

16. 

Bipolar Offset 

10. 

Bit 2 

15. 

F ?2 (20V Range) 

11. 

Bit 1 (MSB) 

14. 

Ri (10V Range) 

12. 

Bit 1 (MSB) 

13. 

Gain Adjust 

* Internally connected to case on ADC82AM. 



DEFINITION OF 
DIGITAL CODES 

PARALLEL DATA 

Three binary codes are available on the ADC82 parallel 
output; they are complementary (logic “0” is true) 
straight binary (CSB) for unipolar input signal ranges 
and complementary two’s complement (CTC) and 
complementary offset binary (COB) for bipolar input 
signal ranges. 

Table I describes the LSB, transition values and code 
definitions for each possible ADC82 analog input signal 
range. 


SERIAL DATA 

Two straight binary (complementary) codes are available 
on the serial output line of the ADC82; they are CSB and 
COB. The serial data is available only during conversion 
and appears with the most significant bit (MSB) occurring 
first. The serial data is synchronous with the internal 
clock as shown in the timing diagram of Figure 2. The 
LSB and transition values shown in Table I also apply to 
the serial data output except for the CTD code. 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 


Binary (BIN) 

Output 

INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 
Voltage Ranges 

Defined As: 


±5V 

±2.5V 

Oto +10V 

0 to +5V 

0 to +20V 



COB 
or CTC* 

COB 
or CTC* 

COB 
or CTC* 

CSB** 

CSB** 

CSB** 

One Least 
Significant 

Bit (LSB) 

FSR 

2" 

n = 8 

20V 

2 n 

78.13mV 

10V 

39.06mV 

5V 

2* 

19.53mV 

10V 

? r 

39.06mV 

5V 

2* 

19.53mV 

20 V 

78.13mV 

Transition Values 

MSB LSB 

000 ...000*** 

011 ... Ill 

111 ... 110 

+Full Scale 
Mid Scale 
-Full Scale 

+10V -3/2LSB 

0 

-10V +1/2LSB 

+5V -3/2LSB 

0 

-5V +1/2LSB 

+2.5 -3/2LSB 

0 

-2.5V +1/2LSB 

+10V -3/2LSB 
+5V 

0+1/2LSB 

1 

+5V -3/2LSB 
+2.5 V 

0+ 1/2LSB 

+20V -3/2LSB 
+10V 

0 + 1/2LSB 

* COB = Complementary Offset Binary *CTC = Complementary Two’s complement - obtained ***0 is the T ransition Bit. 

**CSB = Complementary Straight by using the complement of the most-significant bit Voltages given are the 

Binary (MSB). MSB is available on pin-12. nominal value for transition 

to the code specified. 
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DISCUSSION OF 
SPECIFICATIONS 

The ADC82 is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A/ D converter are linearity, 
drift, gain and offset errors, and conversion speed effects 
on accuracy. The ADC82 is factory trimmed and tested 
for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial gain and offset errors are factory trimmed to 
±0.05% of FSR at +25° C for both the 0 to + 1 0 and ± 1 0 V 
ranges. No external adjustment is required to obtain 
initial absolute accuracies of ± 1 LSB. When using one of 
the other input signal ranges or when even greater initial 
accuracy is desired these errors may be trimmed to zero 
by connecting external potentiometers as shown in 
Figures 9 and 10. 

ACCURACY DRIFT VS TEMPERATURE 

Three major drift parameters degrade A/D converter 
accuracy over temperature; they are gain, offset and 
linearity drift. The worst-case accuracy drift is the 
summation of all three drift errors over temperature. 
Statistically, these errors do not add algebraically, but 
are random variables which behave as root-sum squared 
(RSS) or la errors as follows: 

RSS = V tg 2 + €„ 2 + 

Where e g = gain drift error (ppm/ H C) 

e 0 = offset drift error (ppm of FSR/°C) 
e e = Linearity error (ppm of FSR/°C) 

For unipolar operation, the total RSS drift is ±49.0ppm/ 
°C and for bipolar operation, the total RSS drift is ±56.8 
ppm/°C. 

ACCURACY VS SPEED 

In successive approximation A/D converters, the con- 
version speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and 
differential linearity errors for the ADC82 are shown in 
Typical Performance Curves. 

The ADC82 conversion speeds are specified for a 
maximum linearity error of ±1 / 2LSB and a differential 
linearity error of ± 1 / 2LSB with the internal clock. Faster 
conversion speeds are possible with an external clock (see 
Figures 6 and 7. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect the 
accuracy of the ADC82. The ADC82 power supply 
sensitivity is specified for ± 0 . 006 % of FS R / % V s for - 1 5 V 
and ±5V supplies and ±0.02% of FSR/%V s for ±15V 
supplies. Normally, regulated power supplies with 1% or 
less ripple are recommended for use with the ADC82. See 
layout precautions and power supply decoupling below. 

LAYOUT AND 

OPERATING INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital commons are not connected internally 
in the ADC82 but should be connected together as close 


to the unit as possible, preferably to a large ground plane 
under the ADC82. If these grounds must be run sepa- 
rately, use wide conductor patternand aO.OlpF toO. lyuF 
nonpolarized bypass capacitor between analog and digital 
commons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 3 to obtain 
noise free operation. These capacitors should be located 
close to the ADC82. \/jl¥ electrolytic type capacitors 
should by bypassed with 0.01/xF ceramic capacitors for 
improved high frequency performance. 



FIGURE 3. Recommended Power Supply Decoupling. 


INPUT SCALING 

The ADC82 input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D 
converter. Connect the input signal as shown in Table II. 
See Figure 4 for circuit details. 



FIGURE 4. ADC82 Input Scaling Circuit. 
TABLE II. ADC82 Input Scaling Connection. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 16 
To Pin 

Connect 

Pin 15 

To 

Connect 

Input 

Signal To 

±10V 

COB orCTC 

18 

Input Signal 

15 

±5V 

COB orCTC 

18 

Open 

14 

±2.5V 

COB orCTC 

18 

Pin 18 

14 

0 to +5V 

CSB 

17 

Pin 18 

14 

Oto +10V 

CSB 

17 

Open 

14 

0 to +20V 

CSB 

17 

Input Signal 

15 
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CLOCK OPTIONS 

The ADC82 is extremely versatile in that it can be with nothing more than an inexpensive quad 2-input 

operated in several different modes with either internal or NAND Gate (7400) as shown in Figure 5 through 8. 

external clock. M ost of these options can be implemented 




FIGURE 5. Internal Clock-Normal Operating Mode. FIGURE 6. Continuous Conversion with External Clock. 





FIGURE 7. Continuous External Clock. 


CONVERSION IS INITIATED BY THE 10TH 
CLOCK PULSE. CLOCK RUNS CONTINUOUSLY. 
THE OSCILLATOR FORMED BY GATES 2 AND 3 
INSURE THAT THE CONVERSION PROCESS WILL 
START WHEN LOGIC POWER IS FIRST TURNED 
ON. (THESE VALUES GIVE A 200nsec CONVERT 
COMMAND). 


FIGURE 8. Continuous Conversion with Internal Clock. 
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OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC82 as shown in Figures 9 and 10. Multiturn 
potentiometers with 100ppm/°C or better TCR’s are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkfl to lOOkfl. 
All resistors should be 20% carbon or better. Pin 1 3 (Gain 
Adjust) may be left open if no external adjustment is 
required. 

ADJUSTMENT PROCEDURE 

Offset - Connect the Offset potentiometer as shown in 
Figure 9. Sweep the input through the end point 
transition voltage that should cause an output transition 
to all bits off(E°"). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E°/ N f '. The ideal transition 
voltage values of the input are given in Table I. 

Gain - Connect the Gain adjust potentiometer as shown 
in Figure 10. Sweep the input through the end point 
transition voltage that should cause output transitions to 
all bits on (E?n). Adjust the Gain potentiometer until the 
actual end point transition voltage occurs at E?n • 

Table I details the transition voltage levels required. 



FIGURE 9. Two methods of Connecting Optional 
Offset Adjust with a ±1.0% of 
FSR Range of Adjustment. 



FIGURE 10. Two Methods of Connecting Optional 
Gain Adjust with a ±10% Range of 
Adjustment. 


ORDERING INFORMATION 


ADC82A X 


A/ D Converter Family 
A = +25°C to +85°C 


G = Ceramic Package 
M = Metal Hermetic Package 
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ADC84 

ADC85 


1C ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 

• COMPACT DESIGN - Self-contained with internal clock, 

comparator, reference, and input buffer amplifier 
32-pin ceramic or hermetic metal package 

• FAST CONVERSION SPEEDS 

Provide Fast Signal Sampling Rates 
12-bits - lOiusec, 10-bits - 6/usec 
Faster conversion speeds obtainable with 
“Short-Cycling” and adjustable clock rate 

• LOW COST - ADC84KG-12 

DESCRIPTION 

The ADC84 and ADC85 families of 10- and 12-bit 
analog-to-digital converters utilize state-of-the-art 
IC and laser-trimmed thin-film components, and are 
packaged in a compact 32-pin dual-in-line packages. 

Complete with internal reference and input buffer 
amplifier, they offer versatility and performance 
formerly offered only in larger modular or rack- 
mount packages. 

Thin-film internal scaling resistors are provided for 
the selection of analog input signal ranges of ±2.5V, 

±5V, ±10V, 0 to +5V or 0 to + 10V. Gain and offset 
errors may be externally trimmed to zero, offering 
initial accuracies of better than ±0.0 12% (±1 / 2LSB). 

The fast conversion speeds of 10/isec for 12-bit and 
6 /jlsqc for 10-bit resolution make these ADC’s 
excellent for a wide range of applications where 
system throughput sampling rates from 100k Hz to 
120kHz are required. In addition, they may be short 
cycled and the clock rate control may be used to 
obtain faster conversion speeds at low resolutions. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are DTL/TTL-compatible. 

Power supply voltages are ±15VDC and +5VDC. 

International Airport Industrial Park - P.0. Box 11400 • Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 



PDS-355C 
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DISCUSSION OF 
PERFORMANCE 

The accuracy of a successive approximation A/D 
converter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±1/2LSB. The 
remaining errors in the A/ D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 
Offset, Linearity, Differential Linearity and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1 ) about the zero or minus full scale point (all 
bits OFF) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
A/ D converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the A/D converter. A 
Differential Linearity error of ±1/2LSB means that the 
width of each bit step over the range of the A/ D converter 
is 1LSB±1/2LSB. 

The ADC84 and ADC85 are also monotonic, assuring 
that the output digital code either increases or remains 


the same for increasing analog input signals. Burr-Brown 
also guarantees that these converters will have no missing 
codes over a specified temperture range. 



FIGURE 1. Input vs Output for an Ideal Bipolar A/D 
Converter. 


TIMING CONSIDERATIONS 

The timing diagram of the ADC’s (see Figure 2) assumes 
an analog input such that the positive true digital word 
100 1 1000100 1 exists. The output will be complementary 
as shown in Figure 2(01 1001 110110 is the digital output). 
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SPECIFICATIONS 

ELECTRICAL 


Typical at -t-25°C and rated power supplies otherwise noted. 


MODEL 

ADC85 

ADC85C 

ADC84KG ~\ 

UNITS 

RESOLUTION 

10 

12 

10 

12 

10 

12 

BITS 

INPUT 







ANALOG INPUTS 







Voltages Hanges 







Bipolar 


±2.5, ±5, ±10 



V 

Unipolar 


0 to +5, 0 to +10 



V .i 

Impedance (Direct Input) 







Oto +5V, ±2.5V 


2.5 



kn 

0 to +10V, ±5V 



5 



kn 

±10V 


10 



kn 

Buffer Amplifier 







Impedance, min 


100 



Mn 

Bias Current 


50 



nA 

Settling Time 







to 0.01% for 20V stepO) 



2 



Msec 

DIGITAL INPUTS! 2 ) 







Convert Command 

Positive pulse 50nsec wide, min. Trailing Edge 




(“1" to “0" initiates conversion i 



Logic Loading 



1 



TTL Load 

External Clock 

See External Clock paragraph 



Transfer characteristics 







ERROR 






% 

Gain Error 


±0.1 (Adjustable to zero) 



Offset Error 


Adjustable to zero 



% of FSRO) 

Unipolar 


±0.05 



% of FSR 

Bipolar 


±0.1 



% of FSR 

Linearity Error, max(4) 

±0.048 

±0.012 

±0.048 

±0.012 

±0.048 

±0.012 

LSB 

Inherent Quantization Error 


±1/2 



LSB 

Differential Linearity Error 


±1/2 



LSB 

No Missing Codes 

-25 to +85 

0 to +70 

0 to +70 

0 to +70 

0 to +70 

0 to +70 

°C 

Power Supply Sensitivity 







±15VDC 


±0,004 



% of FSR/%Vs 

+5VDC 


±0.001 



% of FSR/%Vs 

DRIFT 

. 

• 





Specification Temperature Range 

-25to+85 

0 to +70 

0 to +70 

°C 

Gain, max 

±20 

±15 

±40 

±25 


±30 

ppm/°C 

Offset 








Unipolar 

' ±3 

±3 

±3 

±3 

±3 

±3 

ppm of FSR/°C 

Bipolar 

±10 

±7 

±20 

±12 

±15 

±15 

ppm of FSR/°C 

Linearity, max 

±3 

±2 

±3 

±3 

±3 

±3 

ppm of FSR/°C 

Monotonicity 


Guaranteed 




CONVERSION SPEED (max>(5)(6) 

6 

10 

6 

10 

6 

10 

Msec 

OUTPUT 







DIGITAL DATA 







All codes complementary 







Parallel 







Output Codes!?) 







Unipolar 


CSB 




Bipolar 


COB, CTC 




Output Drive 


2 



TTL Loads 

Serial Data Codes (NRZ) 


CSB, COB 




Output Drive 


2 



TTL Loads 

Status 

Logic “1" during conversion 



Status Output Drive 


2 



TTL Loads 

Internal Clock 







Clock Output Drive 


2 



TTL Loads 

Frequency(6) 

1.9 

1.35 

1.9 

1.35 

19 

1.35 

MHz 

INTERNAL REF. VOLTAGE 


6.3 



V 

Max External Current With no 







degradation of Specifications 


200 



mA 

Tempco of Drift, max 

L * 

L ± 5 _ 

| ±10 

±10 

±20 

±20 

ppm/°C 

POWER REQUIREMENTS 







Rated Voltages 


±15. +5 



V 

Range for Rated Accuracy 

4.75 to 5.25 and ±14.5 to ±15.5 


V 

Supply Drain +15VDC 

+45 


+45 

mA 

-15VDC 

-35 


-35 

mA 

+5VDC 

+120 


+70 

mA 

TEMPERATURE RANGE 







Specification 

-25 to +85 

0 to +70 

0 to +70 


Operating i derated specs i 

i -55 to +85 i110°C case Temp. 


■ 

Storage 

-55 to +125 

-55 to +125 

-55 to +125 

■ 

PACKAGE (see Mechanical 







Specifications) 

I Metal i Hermetic) 


Ceramic 
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NOTES: 

1 . This settling time adds to conversion speed when buffer is connected to 
input. 

2. DTL/TTL compatible; i.e., Logic “0” = 0.8V max, Logic “1 ” = 2.0V, min for 
inputs. For digital outputs, Logic “0” = +0.4V max, Logic “1" = 2.4V, min. 

3. FSR means Full Scale Range - for example, unit connected for ±10V 
range has 20V FSR. 

CONNECTION DIAGRAM 


4. Error shown is the same as ±1/2LSB max linearity error in % of FSR. 

5. Conversion time may be shortened with “short cycle” set' for lower 
resolution. 

6. Internal Clock is externally adjustable. 

7. See Table II. CSB - Complementary Straight Binary. COB - 
Complementary Offset Binary. CTC - Complementary Two’s 1 
Complement. 
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DEFINITION OF DIGITAL CODES 


PARALLEL DATA 

Three binary codes are available on the ADC84 and 
ADC85 parallel output; they are complementary (logic 
“0” is true) straight binary (CSB) for unipolar input 
signal ranges and complementary two’s complement 
(CTC) and complementary offset binary (COB) for 
bipolar input singal ranges. 

Table I describes the LSB, transition values and code 
definitions for each possible analog input signal range tor 
8-, 10-, and 12-bit resolutions. 


SERIAL DATA 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with the most significant bit (MSB) occurring 
first. The serial data is synchronous with the internal 
clock as shown in the timing diagram of Figure 2. The 
LSB and transition values shown in Table I also apply to 
the serial data output except for the CTC code. 


TABLE 1. Input Voltages, Transition Values, LSB Values, and Code Definitions. 


Binary (BIN) 

Output 

INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 

Voltage Ranges 

Defined As: 






Code 


COB* 

COB* 

COB* 



Designation 


or CTC*** 

or CTC*** 

or CTC**’ 

CSB** 

CSB** 

One Least 

FSR 

20V 

10V 

5V 


5V 

Significant 

2 n 

2" 

2 n 

2 n 


2 n 

Bit (LSB) 

n =8 

78.13mV 

39.06mV 

19.53mV 

39.06mV 

19.53mV 


n = 10 

19.53mV 

9.77mV 

4.88mV 

9. 77 mV 

4.88mV 


n = 12 

4.88mV 

2.44 mV 

1.22mV 

2.44mV 

1.22mV 

Transition Values 







MSB LSB 







000 ...000**” 

+Full Scale 

+10V -3/2LSB 

+5V -3/2LSB 

+2.5 -3/2LSB 

+10V -3/2LSB 

+5V -3/2LSB 

011 ... Ill 

MIL Scale 

0 

0 

0 

+5V 

+2.5V 

111 ... 110 

-Full Scale 

-10V +1/2LSB 

-5V + 1/2LSB 

-2.5V +1/2LSB ' 

0 + 1/2LSB 

0 + 1/2LSB 

1 *COB = Complementary Offset Binary ***CTC 

= Complementary Two’s complement 

-obtained **‘ 

‘Voltages given are the 

**CSB = Complementary Straight 


by using the complement of the most-significant 

nominal value for transition 

Binary 


bit (MSB). MSB is available on pin-13. 

to the code specified. 


DISCUSSION OF SPECIFICATIONS 


The ADC84 and ADC85 are specified to provide critical 
performance criteria for a wide variety of applications. 
The most critical specifications for an A/ D converter are 
linearity, drift, gain and offset errors and conversion 
speed effects on accuracy. These ADC’s are factory- 
trimmed and tested for all critical key specifications. 
GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
±0.1% of FSR (±0.05% for unipolar offset) at 25°C. 
These errors may be trimmed to zero by connecting 
external trim potentiometers as shown on next page. 

ACCURACY DRIFT VS TEMPERATURE 

Three major drift parameters degrade A/D converter 
accuracy over temperature; they are gain, offset and 
linearity drift. The worst-case accuracy drift is the 
summation of all three drift errors over temperature. 
Statistically, these errors do not add algebraically, but 
are random variables which behave as root-sum-squared 
(RSS) or la errors as follows: 

RSS = \J eg 2 + eo 2 + 7? 
where eg = gain drift error (ppm/°C) 

eo = offset drift error (ppm of FSR/°C) 
ee = linearity error (ppm of FSR/ U C) 


For the ADC85-12 operating in the unipolar mode the 
total RSS drift is ±15.42ppm/°C and for bipolar opera- 
tion the total RSS drift is ±16.7ppm/°C. 

ACCURACY VS SPEED 

In successive approximation A/D converters, the con- 
version speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and 
differential linearity errors for the ADC84 and ADC85 
are shown in Typical Performance Curves. 

The conversion speeds are specified for a maximum 
linearity error of ± 1 / 2LSB with the internal clock, h aster 
conversion speeds are possible (see Clock Rate Control 
Alternate Connections). 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The ADC84 and the ADC85 power supply sensitivity is 
specified for ±0.003% of FSR/%V s for±15VDC supplies 
and ±0.0015% of FSR/%Vs for +5VDC supplies. 
Normally, regulated power supplies with 1% or less ripple 
are recommended for use with these ADC’s. See Layout 
Precautions and Power Supply Decoupling on next page. 
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LAYOUT AND OPERATING INSTRUCTIONS 

LAYOUT PRECAUTIONS INPUT SCALING 


Analog and digital commons are not connected internally 
in the ADC84 and ADC85, but should be connected 
together as close to the unit as possible, preferably to a 
large ground plane under the ADC. If these grounds must 
be run separately, use wide conductor pattern and a 
0.01/iF to 0. \/jlF nonpolarized bypass capacitor between 
analog and digital commons at the unit. Low impedance 
analog and digital common returns are essential for low 
noise performance. Coupling between analog inputs and 
digital lines should be minimized by careful layout. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 3 to 
obtain noise free operation. These capacitors should be 
located close to the ADC. 1/xF electrolytic type capacitors 
should be bypassed with 0.01/iF ceramic capacitors for 
improved high frequency performance. 



FIGURE 3. Recommended Power Supply Decoupling. 


The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D 
converter. Connect the input signal as shown in Table II. 
See Figure 4 for circuit details. 



FIGU RE 4. Input Scaling Circuit - ADC84 and ADC85. 


TABLE II. ADC84 and ADC85 Input Scaling Connections. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 23 
To Pin 

Connect 
Pin 25 

To 

For 

Buttered 

Input* 

Connect 
Pin 29 
To Pin 

For 

Direct Input 
(see note) 
Connect 
Input 
Signal 

To Pin 

±10V 

COB or CTC 

22 

Input 

Signal** 

25 

25 

±5V 

COB or CTC 

22 

Open 

24 

24 

±2.5V 

COB or CTC 

22 

Pin 22 

24 

24 

0 to +5V 

CSB 

26 

Pin 22 

24 

24 

Oto +10V 

CSB 

26 

Open 

24 

24 


‘Connect to Pin 29 or input signal as shown in next two columns. 
“The input signal is connected to Pin 30 if the buffer amplifier is used. 
NOTE: If the buffer amplifier is not used, the input Pin 30 must be ground* 
(Pin 26). 


OPTIONAL EXTERNAL GAIN AND OFFSET ADJUSTMENTS 


Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 5 and 6. Multiturn 
potentiometers with 100ppm/°C or better TCR’s are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkfl to lOOkH. 
All resistors should be 20% carbon or better. Pin 27 (Gain 
Adjust) and Pin 22 (Offset Adjust) may be left open if no 
external adjustment is required. 

ADJUSTMENT PROCEDURE 

Offset - Connect the Offset potentiometer as shown in 
Figure 5. Sweep the input through the end point transition 
voltage that should cause an output transition to all bits 
off(E°, h N F ). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E°in F . The ideal transition 
voltage values of the input are given in Table I. 

Gain - Connect the Gain adjust potentiometer as shown 
in Figure 6. Sweep the input through the end point 
transition voltage that should cause an output transition 
voltage to all bits on (E?n). Adjust the Gam potentio- 
meter until the actual end point transition voltage occurs 
at Ein. 

Table I details the transition voltage levels required. 



FIGURE 5. Two Methods of Connecting Optional 

Offset Adjust with a 0.4% of FSR Range 
of Adjustment. 



FIGURE 6. Two Methods of Connecting Optional 
Gain Adjust with a 0.6% Range 
of Adjustment. 
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CLOCK RATE CONTROL 
ALTERNATE CONNECTIONS 

If adjustment of the Clock Rate is desired for faster 
conversion speeds, the Clock Rate Control may be 
connected to an external multiturn trim potentiometer 
with TCR of ±100ppm/°C or less as shown in Figures 
7A and 7B. If the potentiometer is connected to - 1 5 V DC, 
conversion time can be increased as shown in Figure 8. If 
these adjustments are used, delete the connections shown 
in Table III for pin 17. See Typical Performance Curves 
for nonlinearity error vs. clock frequency, and Figure 8 
for the effect of the control voltage on clock speed. 


+5VDC C 

p 

CLOCK ^ 

► CLOCK 

RATE 0 0 ►< 

► 2kn FREQUENCY 

control ^ 1 

ADJUST 

-L (12-BIT RESOLUTION) 

RANGE OF ADJUSTMENT IS 

1 

10Msecto6.B/xsec | 


FIGURE 7A. 12-Bit Clock Rate Control Optional Fine 
Adjust. 


ADDITIONAL CONNECTIONS REQUIRED 

The ADC84 and ADC85 may be operated at faster 
speeds for resolutions less than 12 or 10 bits depending 
on the model selected, by connecting the Short Cycle 
input, pin-14, as shown in Table III. Conversion speeds, 
linearity and resolutions are shown for reference. 

TABLE III. Short Cycle Connections and Specifications 


for 8- to 12-Bit Resolution. 



NOTES: 

1 . Connect only if clock rate control is not used. 

2. Max. conversion speeds to maintain ±1/2LSB nonlinearity error. 
3. 12-bit models only. 

4. 10- or 12-bit models. 




FIGURE 8. Conversion Time vs Clock Speed Control 
Voltage. 


EXTERNAL CLOCK 

If an external clock is used, connect the external clock to 
convert command, pin 21. The convert command shown 
in Figure 2 is not used. After each conversion is 
completed, a new conversion cycle will automatically 
start of the first falling edge of the external clock 
following the completion of conversion. The clock-out 
signal will remain as shown in Figure 2 even if an external 
clock is used. The external clock pulse must be a negative 
going pulse with a width between 1 OOnsec and 200nsec as 
shown in Figure 2. 


OUTPUT DRIVE 

Normally all ADC84 and ADC85 logic outputs will drive 
2 standard TTL-loads; however, if long digital lines must 
be driven, external logic buffers are recommended. 

HEAT DISSIPATION 

The ADC84 and ADC85 dissipate approximately 1.2W 
and the packages have a case-to-ambient thermal resis- 
tance (( m )ca should be lowered by a heat-sink or by forced 
air over the surface of the package). See Figure 9 for 0 ca 
requirement above 70°C. If the converter is mounted on a 
PC card, improved thermal contact with the copper 
ground plane under the case can be achieved using a 
silicone heat-sink compound. On a 0.062-inch thick PC 
card with 16 square-inch minimum area, this technique 
will allow operation to 85°C. 



FIGURE 9. 0ca Requirement Aoove 70 U C. 
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HIGH RELIABILITY A/D CONVERTERS 


Each of the ADC85 models are available screened to the 
requirements of the Burr-Brown Q-Program, which 
consists of a sequence of thermal and mechanical stress 


procedures, plus a verification of package hermeticity. 
The diagram below illustrates the screening sequence 
which is applied to 100% of the Q-Screened A/D 
converters. 


High Temp. 
Storage 
(MIL-STD-883) 

Temperature 

Cycling 

(MIL-STD-883) 

Hermeticity 
Gross Leak 
(MIL-STD-883) 

Hermiticity 
Fine Leak 
(MIL-STD-883) 

Bum-In 

(MIL-STD-883) 

Centrifuge 

(MIL-STD-883) 

Method 1008 
Condition B 
+1 25° C 

24 Hours 

Method 1010 
Condition B 
-55 to 4-25° C 

10 Cycles 

Method 1014 
Condition C 
Step 1 

Fluorocarbon 

Method 1014 
Condition A 
Helium 

5 x 10' 7 cc/sec 

Method 1015 
Condition D 

168 Hours 
4-70° C (ADC85C) 
4-85° C (ADC85) 

Method 2001 
2,000 G 

Yi Axis 


MECHANICAL 


ADC84 



Leads in true position 
within 0.010" (0.255mm) 

R at MMC at seating plane. 


P5 

mcssmi 

KSBCllflml 

■TTITM 

■Tf.V 

B2QH 


Km 

BE3 


ETTK 

EW73 

ni 

KTT3 


IXK 


Qi 

ETT3 

m?3 

HS9I 


vm 


m?m 

KfTI 

BEEl 

wm 

gy 

mrrm 


WW7M 

Km 

BEEQEKK 


Tjmi 

Em 

kddji 

KE3 


in i 

131 

KEM 


tlT 

WTTW 

sm 



sm 

KE53 

KEEK 

TT 


cm 

HIM 

11-M 

■nrg 

■n 


PINS: Pin material and plating 
composition conform to method 
2003 (solderabilityi of MIL- 
STD-883 (except paragraph 3.2) 
CASE: Ceramic 

MATING CONNECTOR: 2302MC 
Set of two 16-pin strips 
WEIGHT: 13 grams (0.46 oz.) 





2* 

r— C ~ >Ss ^ O*nota« pin 1 

L 1 

IT 

jimiiiiiimii 

i=^ — ^ 

rr 

1 16 

32 17 


ADC85. ADC85C 


r 

L 

L 


within 0.010" (0.255mm > 

R at MMC at seating plane. 


Pin numbers shown for reference only. 
Numbers may not be marked on package. 

PINS: Pin material and plating 
composition conform to method 
2003 (solderabilityi of MIL- 
STD-883 (except paragraph 3.2) 

CASE: Kovar, Nickel plated 
MATING CONNECTOR: 2302MC 
Set of two 16-pin strips 
WEIGHT: 13 grams (0.46 oz.) 
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ORDERING INFORMATION 


^ADCXX XX^ ^ 

A, D Converter Family: 

Grade: 

Resolution: 

ADC85 

Blank (-25“C. +85’C)(ADC85 only) 

10= 10 bits 

ADC84 

C (0‘’C. 4-70°CKADC85 only) 

12= 12 bits 


KG (0°C, 4-70 l ’C)(ADC84 only) 
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High Resolution - Integrating 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 
•SELF-CONTAINEO MODULAR PACKAGE 

• LOW DRIFT 

•USER-ADJUSTABLE LINEARITY 
•EXPANDABLE TO 5-DIGIT BCD RESOLUTION 

DESCRIPTION 

The Burr-Brown Model ADC 100 A/D Converter is 
an integrating A/D Converter that utilizes the delta 
sigma modulation principle. The digital equivalent of 
analog signals is developed by counting a number of 
pulses whose average repetition rate is proportional 
to the amplitude of the input signal over a fixed 
integration period. The internal clock is externally- 
adjustable to provide integration periods which are 
integral multiples of 50Hz or 60Hz periods for 
maximum powerline noise rejection. The closed 
conversion loop assures linear performance of 
±0.005% ±1 count that is independent of clock 
frequency deviations over the specified temperature 
range of 0°C to ±70°C. 

The ADC 100 is housed in a 2" x 4" x 0.4" module and 
operates from ±15VDC and +5VDC power. All 
digital input and output signals are TTL-compatible. 
Four basic models are offered: Unipolar 4-digit BCD, 
4-digit plus sign BCD, unipolar and bipolar 16-bit 
binary. The binary units are pin-programmable for 
12-, 14-, or 16-bit resolution. 

The ADC 100 is excellent for applications which 
require good accuracy and high resolution, but where 
speed is not too important. Conversion speeds range 
from 12msec for 12-bit binary to 30msec for 4-digit 
plus sign BCD codes. 


(SMD Buffer fpelta-Sigma Modulator 


Comparator 


^Convert 

■'Command 


Control Logic 
with Counter 
and Output Register 


Digital Output Code 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP • Telex: 66-6491 
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SPECIFICATIONS 

Typical at 25°C and rated power supply unless otherwise noted. 


ELECTRICAL 


MODEL 

ADC100 


RESOLUTION 


INPUT 


ANALOG INPUT 

Voltage Range 
Maximum Safe Input Signal 
Input Bias Current typ max 
Impedance 



0 to +10 ±10 Oto + 10 |± 10 
+ 25V or supply voltage, whichever is less 


Buffered 

200 

200 

200 

Unbuffered 

10 

10*0 

10 

Settling Time (to 0.003%) 

FSR* 2 ) stepl 

Buffered, max 

25 

50 

25 

Unbuffered, max 

1 

1 

1 

niinuiiid'ii^^M 

TTL/DTL Compatible Logical 


Convert Command 


External Clock 


at least one clock period @2 TTL Loads 
(Approximately 3/nsec with internal clock) 
See “Clock Operation” 



TRANSFER CHARACTERISTICS 


ACCURACY* 3 ) 

Gain Error 
Offset Error 
Linearity Error, max* 4 ) 
Quantizing Error 


ACCURACY DRIFT 

Temperature Coefficient (max) 


POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity, max 
±15VDC 


CONVERSION TIME 

(maximum with Internal Clock) 


OUTPUT 


DIGITAL OUTPUTS 

End of Conversion 


TEMPERATURE 

Specification 

Operating (reduced specs) 

Storage 


POWER SUPPLY 

Rated Voltage 

I Range (max) 
Supply Drain 


of FSR 
of FSR 
of FSR* 2 ) 




For 12 bits - 12.5 

14 bits -50 msec 
16 bits - 200 


TTL/DTL Compatible 
All digital outputs will drive 6 TTL 
loads except the sign bit (for SMD 
units) which will drive 4 TTL loads. 
“0” during conversion 


0 to +70 
— 2 5 to +85 
-55 to +100 


+ 15 and +5 V 

±14.5 to±15. 5 and +4.75 to +5.25 V 




+ 15VDC 

25 

25 

25 

25 

-15VDC 

20 

20 

15 

15 

+5VDC 

300 

300 

300 

300 


1) The internal buffer may be bypassed by connecting the input directly to unbuffered inputs. 
For SMD units this connection bypasses the sign magnitude circuitry and results in a 
unipolar BCD unit. 

2) FSR is Full Scale Range; 10V for unipolar, 20V foT bipolar converters. 

3) Gain and Offset Error may be externally adjusted to zero. 

4) Linearity is factory adjusted for 4 digit or 1 4 bit operation and is user adjustable to 
typically 0.002%. 


Case: Diallyl Phthalate shell 
Pins: Pin material and plating composition 
conform to Method 2003 (solderability) of 
Mil-Std-883 [except paragraph 3.2]. 

Weight: 4 oz (1 14 grams) 

Actual pin assignments not shown on this 
diagram. 

Mating Connectors: 2400MC - P.c. Card with 
solder terminals or 240 1MC - Set of 4 - 18 pin 
connector strips 
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Method of Conversion 

DELTA-SIGMA MODULATION 

The Burr-Brown Model ADC 100 A/D Converter utilizes the 
delta-sigma conversion technique which produces a train of 
pulses whose rate is proportional to the amplitude of the 
input analog signal. For a given internal clock frequency 
(400 kHz) the delta-sigma modulator output is a train of 
pulses whose average frequency varies from zero to 400 kHz. 


The width of these pulses are constant, but the number of 
pulses varies in relation to input signal amplitude. These 
pulses are counted in a binary (or BCD) counter over the 
integration interval resulting in a direct digital output that 
is equivalent to the analog input. The ADC 100 timing 
diagram is shown in Figure 1. 
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DISCUSSION OF SPECIFICATIONS 


ANALOG INPUT SETTLING TIME is the time required 
after a F.S.R. input step for the converter’s input circuitry 
to settle to specified accuracy. The CONVERT COMMAND 
should be delayed by this period of time after any large 
input voltage change to preserve the converter’s accuracy. 

ACCURACY - The basic accuracy of the ADC 100 is de- 
fined by linearity and quantizing errors. When gain and 
offset errors are adjusted as described on page 6-77, 
the accuracy of the ADC 100 is 0.005% ±1 count. 

LINEARITY ERROR is a measure of the deviation of the 
converter’s actual transfer characteristic from the ideal. It 
is defined as the maximum deviation of the actual con- 
verter transfer function from the best fit straight line 
through it. If the linearity error is also adjusted (see page 
6-78) the accuracy will typically be 0.002% +1 count. 

QUANTIZING ERROR is inherent in any A/D converter 
simply because a converter’s analog input is continuous 
while its digital output must be discrete codes. The ADC 
100 is designed such that increased resolution may be 
obtained by interpolation of several successive conversions 
of the same input voltage. For example, if the output 
code is zero for three conversions and one LSB for one 
conversion, the actual input voltage is one quarter of an 
LSB. 


ACCURACY DRIFT is the maximum change with temper- 
ature of any point on the converter’s transfer characteristic. 

OFFSET ERROR is the deviation from the ideal input 
required to produce an output of all logical zeroes (all 
bits OFF). GAIN ERROR is the deviation from the ideal 
input required to produce an output of all logical ones 
(all bits ON) with the offset error adjusted to zero. 


SERIAL OUTPUT 

The serial output of the ADC 100 may be used to transmit 
data remotely over a single line. Details for implementing 
this method of data transmission are shown on page 6-79 of 
this data sheet. 


DIGITAL OUTPUT CODES 

For unipolar analog input signals, 4 digit BCD or 16 bit 
straight binary (USB) digital output codes are offered; for 
bipolar analog input signals, 4 digit plus sign BCD (SMD) 
or 16 bit offset binary (BOB) digital output codes are 
offered. The LSB & full scale analog values and equivalent 
digital codes are shown in Table I. 
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ORDERING INFORMATION 

The ADC 100 may be ordered by using the ordering code below. 


XXX 


Converter 

Family 


OUTPUT CODE 
BCD - Binary Coded Decimal 
SMD - Sign Magnitude BCD 
USB - Unipolar Straight Binary 
BOB - Bipolar Offset Binary 


INSTALLATION and OPERATING INSTRUCTIONS 


CLOCK OPERATION 

The ADC 1 00 may be operated from the internal clock, 
or from a user supplied external clock. 

A clock period faster than 2.5 n seconds or slower than 
25/zseconds will degrade the performance of the ADC 1 00. 
50 Hz or 60 Hz rejection may be achieved by adjusting the 
clock frequency such that the CONVERT COMPLETE 
pulse is an integral number of 50 or 60 Hz periods (i.e., 
a multiple of 16.67 ms for 60 Hz rejection or 20.00 ms 
for 50 Hz rejection). For example, SMD or BCD units 
convert in 30 millisec with a clock period of 3 /isec. 
The closest multiple for 60 Hz rejection is 33.33 ms 
integration time. 


EXTERNAL CLOCK 

An external clock may be used by leaving CLOCK OUT, 
pin 26, open and connecting the external clock to CLOCK 
IN, pin 28. The duty cycle of the external clock should 
be 80% to 90% as shown in Figure. 3. 

INTERNAL CLOCK 

If the internal clock is used, CLOCK OUT, pin 26, and 
CLOCK IN, pin 28, must be connected together. 

The approximate period of the internal clock is 3 /^seconds. 

The internal clock frequency may be adjusted using the 
circuit shown in Figure 5 over a range of approximately 
2.5 jusec to 25 jusec. If the clock frequency is not adjusted, 
pin 2 1 should simply be left open. 
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CONNECTION DIAGRAMS 


Ov Bi* 1 

£2)(MSB) 

I © Bit 2 



© T fn rm 

r 0n D »g 

■ftgJCom 

0\ End of 
^ Conv. 


NOTE 1. See Figure 3 for details of clock. 


Buffing 

An.ComfSjl- 

BuffOutQt 



.NOTE 1. See figure 3 for details of clock. *To pins 60, 69 and 70 


FIGURE 2a. BCD and SMD Models. 


FIGURE 2b. USB and BOB Models. 


ANALOG COMMON, pins 3 and 23, are connected 
together internally as are DIGITAL COMMON, pins 30, 
40 and 41. Digital and Analog Common are not con- 
nected internally; but they should be tied together at 
some point in the system as close as possible to the 
ADC 100 to prevent any difference voltage between them. 

All units have available a spare inverter (SN7404) whose 
input is pin 22 and output is pin 24. 

USB and BOB units are marked as shown in Figure 3, the 
BOB units only will have a connection for BIPOLAR 
OFFSET, pin 19. The BOB units must have pin 19 ex- 
ternally connected by the user to SUMMING JUNCTION, 
pin 20. 

For USB and BOB units, either 16-BIT TERMINATE, 
pin 69, 14-BIT TERMINATE, pin 70, or 12-BIT 
TERMINATE, pin 60, must be connected to TERM- 


INATE IN, pin 42. The LSB will always be on pin 44, 
the MSB for 16 bits is on pin 72, for 14 bits is on pin 67, 
for 12 bits is on pin 63. 

BCD and SMD units are marked as shown in Figure 4, the 
SMD units only will have connections for ADJ, pin 1 and 
pin 5, and SIGN OUT, pin 9. 

For BCD and SMD units, TERMINATE OUT, pin 69, 
should be connected to TERMINATE IN, pin 42, for 
4-digit operation (see page 6-79 for increased resolution). 
NOTE: 

For SMD units, the output sign bit operates contin- 
uously. That is, the sign bit output will change with 
the input voltage polarity even though the end of con- 
version output is “high”. Therefore an output flip flop 
(such as the 7474 IC shown on page 6-77) may be used tp 
store the sign bit at the end of conversion. (The PC 
mount option includes this flip-flop). 
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CONNECTIONS FOR INPUT SIGNAL, EXTERNAL GAIN and OFFSET TRIM 


Direct Buffered 


O—Lq o-f 

O^fczL 


Input 
+ 15 V( 


100 kfi 
1 MS? 


No Gain Trim 

O 

— Q. 


Gain Trim ^ 
Offset Trim 


CLOCK 


i nnr 


H&hl L- 



l» BIPOLAR OFFSET 

20 SUM JC T 

21 CLOCK TRIM 


FIGURE 3. GAIN and OFFSET Adjustments for all Converters. 



FIGURE 4. Additional NEGATIVE GAIN and OFFSET 
Adjustments required for SMD Converters. 


The connections shown in Figure 3 illustrate various input and 
trim connection options; it is not necessary to include switches 
or jumpers as indicated unless that level of flexibility is desired. 
If linearity is not externally adjusted, the transfer characteristic 
of the ADC 100 can be adjusted for minimum errors using only 
the GAIN and OFFSET adjustments. Table I shows the input 
voltage and respective output codes for these adjustments. 

BCD and USB MODELS 

Adjust to the proper output code with an input of +2.5000 volts 
using the OFFSET adjustment; then adjust to the proper output 
code with +7.5000 volts input using the GAIN adjustment (see 
Figure 3 for circuitry and Table I for input/output values). Repeat 
until both are optimum. 

SMD MODELS 

Adjust, to the proper output codes as described above for BCD and 
USB models at 2.500 and +7.500 volts; then use the negative OFF- 
SET adjustment (as shown in Figure 4) to provide the proper output 
code with -10 mV input and the negative GAIN adjustment (also 
in Figure 4) to provide the proper output code with -9.9900 volts 
input (see Table I). 

SMD SIGN BIT STORAGE (see note on page 6-76). 


BOB MODELS 

Using the OFFSET adjustment, adjust to the output code of 0100 
.... 00 with an input of -5.0000 volts; then find the input voltage, 
(near +5.00 volts), that causes an output code of 1100 . . . 000. Set 
the input voltage to a point halfway between e and 5.0000 volts. 
Use the GAIN adjustment to provide an output of 1100 . . . 000. 
Repeat the OFFSET adjustment at -5.0000 volts and check to see 
that an input of +5.00000 volts produces an output code of 1100 
. . . 000. (See Table I). Repeat until both are optimum. 

WIRING PRECAUTIONS 

All connections between the ADC 100 and external components 
should be as short as possible to minimize coupling effects and 
noise pickup. The +5V logic supply must be bypassed with a 100 
to 200 juF tantalum capacitor to digital common to preserve ADC 100 
linearity, particularly near mid-scale. Experimenting by setting full 
scale and zero exactly correct and checking at or near mid-scale 
while varying the power supply decoupling will demonstrate the 
quality of the bypassing. This should be done first without any of 
the clock and/or linearity adjust circuitry, and then with the cir- 
cuitry if it is to be used. 


To Pin 9 


4 - 

(Sign Out) 


To Pin 39 
End of + 
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“To — oSu? 


-°p ^ 
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UNUSED ADJUSTMENTS 

All unused adjustments should be left open except OFFSET adjust 
which should be grounded. 




One 

1/4 Scale OFFSET Adjust 

3/4 Scale GAIN Adjust j 


CODE 

LSB 

(mV) 

Input 

Voltage 

OUTPUT CODE 

Input 

Voltage 

OUTPUT CODE 


BCD 



MSB LSB 


MSB LSB 


4 digit 

1.00 

+ 2.5000 

0010 0101 0000 0000 

+7.5000 

0 111 0101 0000 0000 


12 bits 

2.44 

+ 2.5000 

010000000000 

+7.5000 

110000000000 

USB 

14 bits 

0.61 

+ 2.5000 

01000000000000 

+7.5000 

11000000000000 


16 bits 

0.15 

+ 2.5000 

0100000000000000 

+7.50000 

1100000000000000 

SMD 

Positive 

1.00 

+ 2.5000 

1 0010 0101 0000 0000 

+ 7.5000 

1 0111 0101 0000 0000 

Negative 


-0.0100 

0 0000 0000 0001 0000 

-9.9900 

0 1001 1001 1001 0000 


12 bits 

4.88 

-5.0000 

010000000000 

+ 5.0000 

110000000000 

BOB 

14 bits 

1.22 

-5.0000 

01000000000000 

+ 5.0000 

11000000000000 


16 bits 

0.31 

-5.00000 

0100000000000000 

+ 5.00000 

1100000000000000 

NOTE 

: Negative full scale is 0.000V for unipolar and -10.000V for bipolar models. Positive full scale is +10.000V -1 LSB. | 


TABLE 1. GAIN and OFFSET Adjustments without LINEARITY Trim. 
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CLOCK and LINEARITY ADJUSTMENTS 


CLOCK ADJUST 

It may be necessary to adjust the clock frequency if optimum 
noise rejection to 50 or 60 Hz power line frequency is 
desired, or else a specific conversion period is desired. 
Otherwise, an external dock adjustment is not required. 
The CLOCK ADJUST trim circuitry shown in Figure 5 
may affect linearity, particularly where there is already 
a bypassing problem with the 5 volt logic supply. If clock 
trim is employed, it may also be necessary to perform the 
linearity adjustment described below. The external wiring 
at pin 21 should be as short as possible to minimize this 
problem. 

NOTE: The 400 kHz clock frequency will vary up to 
1% per degree Centigrade. This will have a very small 
affect on the accuracy of the ADC 100, but it can cause 
problems in some systems applications since the total 
conversion time will vary inversely with this frequency. 


LINEARITY ADJUSTMENT 

Linearity errors can typically be adjusted to less than 0.002% 
with the circuitry shown in Figure 6. This adjustment can 
be done only when the internal clock is used. 

If the LINEARITY adjust circuitry is used, the OFFSET 
adjustment should be made near negative full scale, the 
GAIN adjustment should be made near positive full scale, 
and linearity adjusted near mid-scale. See Table II for the 
proper input voltages and output codes. 

With GAIN and OFFSET adjusted per above, the linearity 
error should be adjusted to zero near mid-scale. Supply the 
ADC 100 input with the mid-scale voltage shown in Table II 
and adjust the linearity potentiometer to obtain the output 
code also specified in Table II. 


NOTE 1. Use tantalum capacitor. 

FIGURE 5. CLOCK ADJUST Circuit. 




NOTES: 

1 . This wire should be as short as possible 

2. This connection required only when external clock is used. 


FIGURE 6. LINEARITY Adjustment Circuit. 


CODE 

OFFSET Adjustment 

GAIN Adjustment 

Mid-Scale LINEARITY Adjust | 

Input 

Voltage 

Output Code 

Input 

Voltage 

Output Code 

Input 

Voltage 

Output Code 

BCD 

4 digit 

+ 0.0100 

MSB LSB 

0000 0000 0001 0000 

+9.9900 

MSB LSB 

1001 1001 1001 0000 

+5.010 

MSB LSB 

0101 0000 0001 0000 

USB 

12 bits 

14 bits 

16 bits 

+0.00976 

+0.00976 

+0.00976 

000000000100 

00000000010000 

oooooooooioooooo 

+ 9.9878 
+9.9896 

+ 9.9901 

111111111011 

11111111101111 

1111111110111111 

+ 5.00488 
+ 5.00488 

+ 5.00488 

100000000010 

10000000001000 

1000000000100000 

SMD 

Positve 

Negative 

+0.0100 

-0.0100 

1 0000 0000 0001 0000 

0 0000 0000 0001 0000 

+9.9900 

-9.9900 

1 1001 1001 1001 0000 

0 1001 1001 1001 0000 

+ 5.010 

1 0101 0000 0001 0000 

BOB 

12 bits 

14 bits 

1 6 bits 

-9.99024 

-9.99024 

-9.99024 

000000000010 

00000000001000 

000000000010000 

+9.9854 

+9.9890 

+9.9898 

111111111101 

11111111110111 

1111111111011111 

+0.00976 

+0.00976 

+0.00976 

100000000010 

10000000001000 

1 000000000 100000 


TABLE II. GAIN and OFFSET Adjustments with LINEARITY Trim. 
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APPLICATIONS 


VOLTAGE TO FREQUENCY CONVERTER 

The CURRENT output, pin 32, and the CLOCK output, pin 34, may be used 
to provide a continuous serial output pulse train whose average repetition rate 
is proportional to the analog input voltage. This circuitry is shown in solid 
lines in Figure 8. The END OF CONVERSION output, pin 39, can be gated 
with the serial output using the additional circuitry shown with dotted lines. The 
gated output pulse train is available only during conversion and the number of 
pulses in that period is proportional to the input voltage, as shown in Figure 7. 


i— r 


inririnrinrinr 


SERIAL 

OUTPUT 


Jl 


JL 


Serial v in Where C = Clock Frequency 

Output Rate - x Vf u || sca i e * 400 kHz. 


FIGURE 7. Typical Output Waveforms. 



Output 


Output 


FIGURE 8. Voltage to Frequency Converter 


5 DIGIT ADC100 


The components required in addition to the ADC 100 are: 


The resolution of BCD and SMD models may be expanded 
to 4-1/2 or 5 digits with a minimum of external circuitry. 
Expansion to 4-1/2 digits will double the conversion time to 
about 60 milliseconds while 5 digit conversion will require 
300 milliseconds. Figure 9 shows the application of two 
SN 7490 decade counters to provide an extra digit output. 


(1) Two decade counters (such as TI’s SN7490) 

(2) Five BCD to seven segment decoders (such at TI’s 
SN7447A) 

(3) A display (such as RCA’s DR2100 Numitron series) 

(4) Power Supplies, ±15 volts and +5 volts (such as Burr- 
Brown’s Model 551 and Model 562). 


If the ADC 100 is used for five digit operation, it is recom- 
mended that the linearity adjustment circuitry shown on 
page 6-78 be used to provide accuracy consistent with the 
resolution. With five digit operation, the positive full scale 
input voltage is +9.99990 volts while the negative full scale 
input is 0.00000 volts (BCD) or -9.99990 (SMD). A good 
mid-scale input voltage to use for the linearity adjustment 


ADC100 PREAMPLIFIER 

An instrumentation amplifier may be used as the input to 
the ADC 100. An input instrumentation amplifier such as 
Burr-Brown’s 3625 will provide differential inputs with 
common mode rejection as well as gain. The circuitry shown 
below will provide a gain of 10 (i.e., 1 volt instead of 10 
volt input range) and 74 dB CMR. 



FIGURE 9. Extending ADC 100 to 5 Digits. gain adjustment can compensate for the gain errors of the 


The ADC 100 may be used as the heart of a 5 digit DPM with 
accuracy much better than that of any moderately priced 
digital panel meters at a lower cost. 


The 3625B will add no more than 10 ppm/°C gain drift and 
1 ppm/°C offset drift while contributing only 0.002% 
linearity errors. 
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BURR-BROWN® 


DAC10HT 




Wide Temperature Range 
General Purpose 12-Bit 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• -55°C to +200°C SPECIFICATIONS 

• FULL 12-BIT RESOLUTION 

• 200nsec SETTLING TIME, TYPICAL 

• MONOTONIC OVER FULL TEMPERATURE 

RANGE 

• TTL AND CMOS COMPATIBLE 

• HERMETIC DUAL-WIDTH CERAMIC 

PACKAGE 

DESCRIPTION 

Designed for use in circuits that operate over a wide 
temperature range, DAC10HT is a general purpose, 
12-bit PI A converter. The design uses state-of-the- 
art integrated circuit and laser-trimmed thin-film 
techniques for maximum accuracy. Compatible with 
TTL and CMOS logic, DAC10HT is monotonic 
over the full -55°C to +200°C temperture range. 
Special design techniques minimize output glitches. 
The package is compact, dual-width, 24-pin ceramic 
DIL. 

100% screening operations are conducted at key 
manufacturing steps. Burn-in and temperature cy- 
clingareexamples, and the product is assembled ina 
clean-room environment. 


DIGITAL 

INPUTS 


12 BIT 
LADDER 
RESISTOR 
NETWORK 
AND 

CURRENT 

ISWITCHES 


gain : 

SETTLING i 
RESISTOR ; 


EXTERNAL 
► OUTPUT 
AMPLIFIER 


BIPOLAR 
OFFSET ; 
RESISTOR * 


REFERENCE 

CONTROL 

CIRCUIT 


I EXTERNAL 
[ REFERENCE 



International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PHS-475 
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SPECIFICATIONS 


ELECTRICAL 

Specifications at Vcc,= +15VDC, Vee = -15VDC, Reference = +10VDC, and Ta = +25°C unless otherwise noted. 


DAC10HT 


INPUT 

I DIGITAL INPUTS 

Resolution 

TTL-Logic "1" at lOOnA, max 
Logic "O" at -100/iA, max 
CMOSO)-Logic "1" at lOOnA, max 
Logic “0” at -IOO/uA, max 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error at +25°C 


12-Bit 

±1/4 

±1/2 



LSB 

10-Bit 



±1/4 

±1/2 

LSB 

at -55° C to +200° C 






12-Bit 


±2 



LSB 

10-Bit 




±2 

LSB 

Gain E rror(2) 

0.05 

0.2 

0.05 

0.2 

% 

Bipolar Offset Error ( i nput all 0’s )(2) 

0.05 

0.2 

0.05 

0.2 

% of FSR 

Unipolar Offset Error < input all 0’s /(2) 


0.2 


0.2 

% of FSR 

Monotonic Temperature Range 






12-Bit 

-55 

+200 



°C 

10-Bit 



-55 

+200 

°C 

Differential Linearity Error 






12-Bit 

±1/2 

±1 



LSB 

10-Bit 



±1/2 

±1 

LSB 

Total Unadjusted Error<3) 






+25° C 

±0.1 

±0.4 

±0.15 

±0.45 

% of FSR 

-55° C to +200° C 

±0.3 

±0.8 

±0.90 

±1.30 

% of FSR 

Total Adjusted ErrorH) 

1 





+25°C 

±0.006 

±0.012 

0.024 

±0.048 

% of FSR 

-55°C to +200° C 

±0.015 

±0.40 

±0.40 

±0.90 

% of FSR 

CONVERSION SPEED 






Settling Time to 1/2LSB i+FS change i(5) 

200 


200 


nsec 

Major Carry Glitch Duration 






i to 90% complete i 

35 


35 


nsec 

DRIFT (-55°C to +200°C) 






Gain (exclusive of reference drift) 

±2 

±10 

±5 

±25 

ppm/°C 

Bipolar Offset 

±2 

±10 

±5 

±25 

ppm of FSR/°C 

Unipolar Offset 

±0.5 

±1 

±2 

±5 

ppm of FSR/°C 

Differential Linearity 

±2 

±3 

±3 

±4 

ppm of FSR/°C 


Current - Unipolar < ±10% i 
Current - Bipolar (±10% i 
Selectable Ranges(6) 

Resistance 
Capacitance 
Compliance Voltage 

EXTERNAL ADJUSTMENTS 

Gain Adjust Range 
Bipolar Offset Adjust Range 
Unipolar Offset Adjust Range 
NOISE (0.1Hz to 10Hz, all “1 "si 

MULTIPLYING MODE PERFORMANCE 


| 0 to 5 | 

-2.5 to +2.5 

0 to +5, 0 to +10, -2.5 to +2.5, 
-5 to +5. -10 to +10 
1.0 
20 

-3 +10 


| 0 to 5 | 

-2.5 to +2.5 

Oto +5,0 to +10, -2.5 to +2.5 
-5 to +5, -10 to +10 
1.0 
20 

-3 +10 


Number of Quadrants!?) 



2 



2 


Reference Voltage Range 

0 


+10.24 

0 


+10.24 

V 

Accuracy(fl) 

±0.05 



±0.05 



% of FSR 

Feedthrough(9) 


±0.02 



±0.02 


% of FSR 

Output Slew Rate(iO) 


6 



6 


mA/^sec 

Output Settling Time (to 0.01% of FS)(i0) 


3 



3 


,usec 

Control Amplifier BW (small-signal. 








closed-loopi 


10 




10 


MHz 

| POWER SUPPLIES AND REFERENCE 

1 

Reference Input Impedance 


8 ±10% 



8 ±10% 


kfl 

Reference Voltage Range 

0 


+ 10.24 

0 


+10.24 

V 

Power Supply, Voltage - Vcc 

+4.75 


+15.0 

+4.75 


+ 15.0 

VDC 

Voltage - Vee 

-13.5 

-15 

-16.5 

-13.5 

-15 

-16.5 

VDC 

Current - Vcc 


+9 

+15.0 


+9 


mA 

Current - Vee 


-28 

-40.0 


-28 


mA 

Power Supply Sensitivity 








Vcc at +5VDC 


1 

5 


1 

5 

ppm/%AV 

Vee at -15VDC 


3 

10 


3 

10 

ppm/%AV 
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NOTES: 

1 . +4.75V < Vcc < +15.0V and pin 2 tied to pin 1 . 

2. Adjustable to zero ( see Figures 4 and 5). 

3. Includes Gain, Offset, and Linearity Errors with external +10.0V ±1mV 
reference. Does not include Reference Drift. 

4. Gain and Offset Errors removed at +25°C with external +10.0V ±1mV 
reference. Does not include Reference Drift. 

5. Current settling into short circuit. 

6. Using internal scaling resistors and OPA11HT output op amp. 

7. Bipolar operation at digital inputs only. 

8. For 1VDC reference voltage (see Figure 2). Full Scale Range = IV. 

9. Voltage at reference input: 0 to +10V. 2kHz sine wave (see Figure 3). 
10. All “T’s. 10V step On reference input. 


MECHANICAL 


PIN DESIGNATIONS 


+Vcc 

1 

24 

BIT 

1 (MSB) 

LOGIC THRESHOLD 

2 

23 

BIT 

2 

Vref INPUT (LO) 

3 

22 

BIT 

3 

N/C 

4 

21 

BIT 

4 

Vref INPUT i HI i 

5 

20 

BIT 

5 

-Vee 

6 

19 

BIT 

6 

BIPOLAR OFFSET 

7 

18 

BIT 

7 

BIPOLAR OFFSET 

8 

17 

BIT 

8 

CURRENT OUTPUT 

9 

16 

BIT 

9 

10V RANGE 

10 

15 

BIT 

10 

20V RANGE 

11 

14 

BIT 

11 

COMMON 

12 

13 

BIT 

12 ( LSB 




*ln high temperature environments with high levels of shock and vibration it is recommended that discrete wirewound or metal film resistors be used 
instead of potentiometers. 
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DISCUSSION OF SPECIFICATIONS 

DIGITAL INPUT CODES 

DAC10HT accepts a positive-true straight binary (BIN) 
input code. Offset-binary code is created by offsetting the 
output amplifier with the DAC reference. Two’s com- 
plement code is obtained frojn offset binary by inverting 
bit 1 (the most significant bit) externally. See Table I. 

ACCURACY 

Linearity of the DAC 10HT is guaranteed to be within the 
specification over its temperature range. This is the 
measure of the deviation of the actual transfer curve from 
the ideal transfer curve expressed graphically as a straight 
line drawn between the end-point values. For the 
DAC10HT the maximum deviation is ± 1 / 2LSB at 25°C 
and ±1 LSB over the full specification temperature range 
from -55°C to +200°C. 

Differential Linearity error is the deviation from an ideal 
1LSB output voltage change from one adjacent state to 
the next. An error specification of ±1/2LSB indicates 
that output voltage step size can range from I/2LSB to 
3/2LSB between adjacent states. 

Monotonicity is an important property for a D/A 
converter, especially one used in a closed control loop. A 
converter is monotonic if the output signal increases or 
remains the same for an increase in digital input. A 
converter’s differential linearity determines whether or 
not it is monotonic. If differential linearity is <±1LSB, 
the converter will be monotonic. Monotonicity is guar- 
anteed over the entire specified temperature range for the 


TABLE 1. Digital Input Codes. 


| DIGITAL INPUT CODES | 


ANALOG OUTPUT | 

LOGIC INPUTS 

VOLTAGE* 

CURRENT | 

Binary 

0 to +10V 

-10V to +10V 

0 to -2mA 

-1mA to +1mA 

111111111111 

+9.9976V 

+9.9951 V 

-1.9995mA 

-0.9995mA 

100000000000 

+5.0000V 

O.OOOOV 

-1.0000mA 

0.0000mA 

011111111111 

+4.9976V 

-0.0049V 

-0.9995mA 

+0. 0005mA 

000000000000 

o.oooov 

-1 O.OOOOV 

0.0000mA 

+1. 0000m A 

Binary Two’* Complement ** 





011111111111 


+9.9951 V 


-0.9995mA 

000000000000 


O.OOOOV 


0.0000mA 

111111111111 


-0.0049V 


+0.0005mA 

100000000000 


-10.000V 


+1 .0000mA 

1LSB (BIN) 

2.44 mV 

4.88mV 

0.488mA 

0.488/iA 


*To obtain values for other binary ranges: ±2.5V range: divide ±10V range values by 4. 

0 to +5V range: divide 0 to +10V range values by 2. "MSB must be inverted externally for this code. 
±5V range: divide ±10V range values by 2. 


DAC10HT. 

Leakage Current is measured at the converter output with 
logic 0 on all digital inputs. It appears as part of offset 
error, both at room temperature and over the specified 
temperature range. In the unipolar configuration, 
virtually all offset error is due to leakage current. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output due to a change in temperature and is 
expressed in parts per million per °C (ppm/°C). It is 
calculated by determining the full scale range value at 
high temperature, then at low temperature. The difference 
in the two values is divided by the difference in the two 
temperatures. 

Offset Drift is a measure of the actual change in output 
over the specified temperature range with logic 0 on all 
digital inputs. It is calculated by measuring offset voltage 
at the temperature extremes. The maximum change 
referred to the offset voltage at +25°C is divided by the 
temperature excursion from +25°C. Offset drift is 
expressed in parts per million of full scale range per °C 
(ppm of FSR/°C). 

Differential Linearity Drift (the change in differential 
linearity over the specified temperature range) is cal- 
culated in a manner similar to offset drift and is expressed 
in ppm of FSR/°C. 


CONVERSION SPEED 

Settling Time is the time required for the output to enter 
and remain within an error band of the final value 
measured from the time the digital input is changed. 

The settling time for a 1LSB change at the input is 
naturally less than for a full scale change. It is greatest at 
the major carry point (the point at which all of the bits 
change states) due to nonuniform switching times of the 


internal current switches. For a 1 LSB change at the major 
carry point, settling time to within 0.0 1 % will typically be 
200nsec. 

COMPLIANCE VOLTAGE 

This is the maximum voltage which can be impressed on 
the current output node and still remain within the 
specified accuracy. These voltages are -3.0V and +10V. 
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POWER SUPPLY SENSITIVITY 

This measure of the effect of a power supply voltage 
change on the D/A converter output is defined as a 
percent of FSR/ percent of change in either the +5V, 
+ 15V or -15V power supplies about the nominal supply 
voltages. Figure 1 shows power supply rejection vs 
frequency. 



10 100 IK 10K 100K 

Frequency (Hz) 

FIGURE 1. Power-Supply Rejection vs 

Power-Supply Ripple Frequency. 

MULTIPLYING MODE PERFORMANCE 

The output of the DAC10HT is the product of the 
reference input and digital input values. The reference 
may be an AC signal and can vary from 0 to +10 volts. 
This is useful in applications where digitally programmed 
attenuation of a signal is desired. Bcause the reference 
voltage input must be positive, the DAC10HT multiplies 
in two quadrants only. For highest accuracy the input 
reference voltage should be as high as possible (see 
Figure 2). 



Reference Input (Volts) 

FIGURE 2. Gain Accuracy vs Reference Voltage. 


Feedthrough of the DAC10HT is the amount of reference 
signal that appears at the output when all digital inputs 
are logic 0. Expressed in % of FSR, it increases with 
increasing reference frequency (see Figure 3). 



Frequency (Hz) 

FIGURE 3. Feedthrough Voltage vs Power-Supply 
Ripple Frequency (Unipolar Mode). 


OPERATING INSTRUCTIONS 

INPUT LOGIC LEVELS 

Inputs of the DAC10HT are either TTL or CMOS logic 
compatible. For TTL, connect +5V to pin 1 (pin 2 open). 
For +5V CMOS, connect +5V to pins 1 and 2. For + 15V 
CMOS compatibility, connect + 15V to pins 1 and 2. 

In circuits where pin 2 is used to determine the digital 
threshold level, the following application tip may be 
helpful. If the analog system ground (to which the 
DAC 1 0HT is referred) is separate from the digital driving 
logic ground, the threshold voltage input (at pin 2) may be 
driven from an external voltage source to keep the 
threshold at proper value. Threshold voltage will always 
be at one-half the voltage applied to pin 2 (+1.4V < pin 2 
< +15V). 

POWER SUPPLIES 

Each power supply should be bypassed to ground with a 
0.1/uF capacitor as shown in the Connection Diagrams. 
Locate the capacitors as close as possible to the 
DAC10HT. 

GAIN AND OFFSET ADJUSTMENTS 

(Voltage Output Configuration) 

Initial gain and offset errors of the DAC10HT circuit may 
be trimmed out using the following procedures. 

U nipolar configuration - input all 0’s and null offset error 
by adjusting R 3 until output voltage equals zero. Input all 
l’s and adjust Ri until the output voltage is +FS -1LSB 
(see Table 1 and Connection Diagram). 
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Bipolar configuration - input all 0’s and null offset error 
by adjusting R 2 until output voltage equals -FS. Input all 
1 ’s and adjust Ri until the output voltage is +FS - 1 LSB 
(see Table I and Connection Diagram). 

To obtain specified gain and offset errors, replace the 50H 
potentiometers (Ri and R 2 ) shown in the Connection 
Diagrams with 25H 0.1% fixed resistors. 

SELECTING AN EXTERNAL REFERENCE 

DAC10HT is configured to use a + 10V reference. An 
internal 8kH resistor in series with an external 50H adjust 
potentiometer sets the current into the reference input at 
1 .25mA (see Figure 4). 

Temperature drift of the reference increases drift of the 
entire circuit. In unipolar configurations the drift 
specification adds directly to the total circuit drift. In the 
bipolar configuration some drift cancelling effects take 
place. One-half of the reference drift added to the total 
DAC drift will give total circuit drift. 

If a reference voltage other than + 10V is required, use the 
circuit shown in Figure 5. 




FIGURE 5. Using a Voltage Reference Other 
Than + 10V. 


The equation Vref/(R2 + 1 /2Ri) = 0.5mA should be used 
to select Ri and R 2 . The ratio of R 2 and Ri should be 
approximately 200:1 for proper gain adjust range. To 
achieve good low drift performance over temperature 
with this method, R 2 and R 3 should track each other to 
within 5ppm/°C. 

SELECTING AN EXTERNAL REFERENCE 
Building An External +10V 200°C Reference 

The DAC10HT requires an external +10V reference for 
normal operation. A circuit for obtaining this reference 


voltage that will operate at +200°C is shown in Figure 6. 
The value of Ri or R 2 should be adjusted to provide a 
reference voltage of 10V ± 1 mV due to the tolerance of the 
zener voltage. With no adjustment to the zener current for 
optimum zero T.C. point (see page 10), this reference will 
have an average temperature coefficient of about 
±20ppm/°C over -55°C to +200°C. 



FIGURE 6. +10 V Reference That Will Operate At 
+200°C. 


LOW POWER OPERATION 

The typical supply currents required by the DAC10HT 
under normal operating conditions are 9mA (Vcc) and 
28mA ( V E e). The average power required (Pd) is therefore 

Pd = | Vcc x 9mA| + 1 Vee x 28mA| 

= 555m W (+V S = 15V, -V s = 15V), or 
= 465m W (+V S = 5V, -V s = 15V). 

Under certain operating conditions this power consump- 
tion can be reduced to as little as 245mW. 

The major contributor to the power consumption is the 
-15V supply. As long as a +10V reference is used, Vee 
must be between -13.5V and -16.5V. If, however, a lower 
reference voltage is used, Vee can be reduced considerably 
and this greatly reduces the power consumption. Lower- 
ing the reference voltage will, of course, lower the full 
scale output voltage by a proportional amount. For 
example, if the reference voltage is +5V, the full scale 
output voltage when using the 10V range pin (pin 10) will 
be +5V instead of +10V with a +10V reference in the 
unipolar mode of operation. Table II indicates the 
minimum supply voltages and the power consumption 
obtained when using these supply voltages for various 
values of Vref. See also page 10 fora discussion of how to 
build a low power voltage reference circuit. 


TABLE II. Minimum Power Supply Voltages and 

Typical Power Consumption for Operation 
with Various Values of Vref. 


External 

Vref 

+Vcc 

(Pin 1) 

-Vee 

(Pin 6) 

Total Power 

Consumption (Typical) 

+10V 

+5V 

-13V 

409mW 

+6.3V 

+5V 

-10V 

275 mW 

+5V 

+5V 

-8V 

235 mW 
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SELECTING AN OUTPUT AMPLIFIER 

The most important characteristics of the output amplifier 
are input offset voltage drift, input bias (or difference) 
current drift, and settling time. Specifications over the full 
operating temperature range are very important. Initial 
input offset voltage and bias current effects will be 
trimmed out, but bias errors will be introduced as these 
parameters drift with temperature changes. Errors 
introduced will appear as offset in the D/ A circuit output. 
Table III provides the equations used to convert these 
amplifier errors to D/ A output errors. 


TABLE III. Computing DAC Error Contributed by 
External Amplifier. 


PARAMETER 

UNIPOLAR 

CONFIGURATION 

BIPOLAR 

CONFIGURATION 

(Bias 

Ib x Rf 

w x10 ° 

lB 11 RF x 100 

FSR 

V os 

Vos ( 1 + Ikn ) v inn 

Vos ( 1+ olikfl 

FSR 

FSR 

FSR = Full scale range (-2.5V to +2.5V is a 5V FSR, etc. i. Results 
are in % of FSR; to get ppm of FSR, multiply by 1CH. 

Rf is the value of the feedback resistor. 

Rf, and Rf 2 are options shown in Figure 7. 


Example: 

If Vos drift and Lias drift of the output amplifier are 
10/uV/°C and 0.5nA/°C, respectively, in a D/ A converter 
with -10V to +I0V output, the output drift due to these 
effects would be computed in this manner. 


lOkO \ 

4.0kO/ 

x 100 = 0.00018% of FSR/’C 

20 

or 1.8ppm of FSR/ ’C 

1b.«: °' S - X I0 2 q X (l ° kn) x 100 = 0.00003% of FSR/’C 
or 0.3ppm of FSR/ ’C 

Total error contribution of amplifier = 1.8 + 0.3 = 2.1ppm of FSR/"C 

Effects of input bias current drift may be reduced 
approximately by a factor of 5 by placing a resistor in 
series with the positive input lead of the amplifier as 
shown in Figure 7. 


(10 x 10 


•)(, 



This balances the offset created by bias currents and the 
error is reduced to the difference in bias currents in the 
positive and negative inputs. (Substitute I ( >nm in equations 

in Table III). 

The value of this resistor is shown in Table IV fordifferent 
output ranges. 


TABLE IV. R h Values. 


Output 






Range 

±2.5V 

±5V 

±10V 

0 to +5V 

0 to +10V 

Re 

Value 

47011 

6150 

7270 

5000 

8000 


Settling time of the DAC10HT islessthan400nsecforan 
FSR change to within 0.01% of final value. The output 
amplifier’s dynamic characteristics should be compatible 
with this performance. Burr-Brown’s OPA12HT fast- 
settling amplifier is recommended for use up to 175°C. 
The OPA 1 1 HT is recommended for operation at +200°C. 


CURRENT OUTPUT OPERATION 

DAC10HT can be connected to produce a bipolar voltage 
output without the use of external components by 
connecting the internal resistors as shown in Figure 8. 
Output voltage range of this circuit is approximately 
±2. 25V. 



FIGURE 8. Bipolar Current Output Operation 
Utilizing Internal Resistors. 


Gain and offset adjustments are made as described 
previously except the “+FS”and kk -FS”are interchanged 
and “-FS + 1 LSB substituted for +FS -1 LSB. 

Unipolar and other bipolar ranges may be selected by 
using an external load resistor as long as the compliance 
voltage limits, -3.0V to + 10V. are observed. To minimize 
temperature drift when using an external load resistor, 
(R: in Figure 9), an external reference-current-setting 
resistor should also be used. These two resistors should 
track over temperature as explained in the section on 
selecting an external reference on the previous page. 

MULTIPLYING MODE OPERATION 

DACIOHT can be used as a two-quadrant multiplying 
D A converter by applying the analog signal to be 
processed through a 10011 potentiometer to tHe reference 
voltage input, pin 5. The analog signal must be between 0 
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and -MOV. The output will be an analog signal equal to 
the product of the input analog signal and the input 
digital code. DC error of the output signal is less than 



FIGURE 9. Using an External Load Resistor. 


0 . 05 % fora reference voltage range of + 1 V to -HOV. For 
voltages near zero, the error can be quite large (see Figure 
2 ). 

HEAT DISSIPATION 

The DAC10HT dissipates approximately 430mW (with 
T5V and -15V power supplies) and the package has a 
case-to-ambient thermal resistance (Oca) of 34°C/ W. For 
optimum performance at +200°C, Oca should be lowered 
by a heat sink or by forced air over the surface of the 
package. If the converter is mounted on a PC card, 
improved thermal contact with the copper ground plane 
under the package can be achieved by using a silicone 
heat-sink compound. 
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Ultra-high Speed 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 40nsec SETTLING TIME 

• 10- AND 12-BITS 

• LOW COST 

• MONOTONIC 

• 1/2LSB DIFFERENTIAL LINEARITY 

DESCRIPTION 

The DAC60 is a high speed digital-to-analog 
converter designed for high speed display 
applications, for use in high speed A/D converters, 
and for use as a high speed, precision waveform 
generator. The DAC60 is available in 10- and 12-bit 
accuracy. The extremely high speed of the DAC60 is 
accomplished with low impedance current switching 
techniques. The typical settling time to 0.05% for an 
LSB step is 25nsec. The maximum settling time for 
the major carry or for a full scale transition is only 
40nsec to 0.05%. (The major carry is the LSB 
transition from Oil ... 11 to 100 ... 00). 

The DAC60 produces a current output proportional 
to the digital input. The most significant bit (MSB) 
produces an output of -2.5mA. The DAC60 is pin- 
programmable to obtain unipolar or bipolar output 
signals. The current output may be fed directly into 
the summing junction of an external high speed 
operational amplifier, or onto an external summing 
resistor. An internal 2kH feedback resistor is 
included in the DAC60 for use with an external 
operational amplifier. This resistor provides voltage 
output ranges of 0 to +10V or ±5V and compensates 
for temperature drift of the DAC60. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 

Specifications typical at 25°C and with rated supply unless otherwise 
noted. 


ELECTRICAL 

MODEL 

DAC60 

DIGITAL INPUTS 

10 Bits and 12 Bits 

Data Input Codes 

TTL/DTL Compatible 


Complementary Logic 

TRANSFER CHARACTERISTICS 


ACCURACY 


Linearity Error 

±1/2 LSB 

Differential Linearity Error (max) 

±1/2 LSB 

Gain Error 


(adjustable to zero) 

±0.05% of FSR * 3 ) 

Offset Error 


(adjustable to zero) 


Unipolar 

±0.001% of FSR 

Bipolar 

±0.05% of FSR 

ACCURACY DRIFT 


Voltage Output* 1 ) 

±15 ppm/°C 

Current Output 

±30 ppm/°C 

Differential Linearity Error 


(0° to +70°C) 


10 bits 

±1/2 LSB 

12 bits 

±1 LSB 

Monotonicity (0° to +70°C) 

Guaranteed 

CONVERSION SPEED 


Settling Time for 1 LSB Change * 2 ) 


to 0.05% 

25 ns 

to 0.0125% 

40 ns 

for full scale change or major 


carry change 


to 0.05% (max) 

40 ns 

to 0.0125% 

150 ns 

POWER SUPPLY SENSITIVITY* 4 ) 


±15 Volt Supply 

±0.002 %/% P.S. Change 

OUTPUT 


Unipolar Output Range* 5 ) 

0 to -5 mA 

Compliance 

3.2 V 

Output Impedance 

650 n 

Bipolar Output Range* 5 ) 

±2.5 mA 

Compliance 

0.70 V 

Output Impedance 

516 n 

POWER SUPPLY REQUIREMENTS 


Rated Power Supplies 

±15 V 

Power Supply Range 

±14.5 to ±15.5 V 

Supply Drain (max) 

+45 mA, -35 mA 

TEMPERATURE RANGE 


Specification 

0° to +70°C 

Operating (reduced specs) 

-25°C to +85°C 

Storage 

-55°C to +100°C 




Simplified DAC60 Schematic. 


MECHANICAL 

Dimensions in parentheses are in inches. 



<h 


Material 

Case - Diallyl Phtalate Shell 
“Pin material and plating composition conform 
to Method 2003 (solderability) of Mil-Std-883 
(except paragraph 3.2).” 

Connector - 2301MC 
or - 2302MC 



(1) When in the voltage output mode using an external op amp and the internal feedback resistor as shown in figure 1. 

(2) For any data change not involving the four most significant bits. 

(3) FSR is Full Scale Range (5 mA). 

(4) The percent change in the output level with a one percent change in power supply voltage. 

(5) The unipolar output may be fed into a resistive load providing a 3.2 volt or less-swing. It is recommended that the bipolar 
output be fed into the summing junction of an op amp or a resistive load low enough to limit the swing to less than 100 mV. 
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DEFINITION OF SPECIFICATIONS 

DIFFERENTIAL LINEARITY ERROR 

The differential linearity of the DAC60 is ±1/2 LSB. This 
means that any 1 LSB digital input change will produce an 
output change of 1 LSB ±1/2 LSB (1/2 LSB to 3/2 LSB). 

This specification is especially important in CRT display 
systems because the eye is sensitive to differential linearity 
errors greater than ±1/2 LSB. 

LINEARITY ERROR 

Linearity error is the deviation am, output state from an 
ideal straight line drawn between the end points (all bits ON 
and all bits OFF) 

DEFINITION OF DIGITAL INPUT CODES 


The DAC60 is available 
with complementary binary 
coding. The user may pin 
strap the output for bi- 
polar complementary off- 
set binary or unipolar com- 
plementary straight binary. 

(1) Short circuit current 

(2) Op-Amp output when driving summing junction and using the internal Rp (see Figure 1) 

(3) See Figures 2 and 3. 


INPUT 


OUTPUT 

CURRENT* 1 ) 

OUTPUT 

VOLTAGE* 2 ^ 

OUTPUT 
VOLTAGE* 3 ) 
when driving 50 £2 

MSB 

LSB 

BIPOLAR 

UNIPOLAR 

BIPOLAR 

UNIPOLAR 

UNIPOLAR 

111 ... 

111 

+2.5 mA 

0 mA 

-5.0 V 

0.0 V 

0.00 mV 

Oil 

111 

0 mA 

-2.5 mA 

0.0 V 

+ 5.0 V 

-1 16.07 mV 

000 ... 

OOO 

(2.5 mA -1 LSB) 

(5 mA -1 LSB) 

+ 5.0V -1 LSB 

+ 10.0V -1 LSB 

-(232.14 mV -1 LSB) 

One LSB 
10 bits 


4.88 mA 

4.88 juA 

9.76 mV 

9.76 mV 

0.227 mV 

12 bits 


1.22 juA 

1.22 mA 

2.44 mV 

2.44 mV 

0.057 mV 


MONOTONICITY 

The DAC60 is guaranteed to be monotonic over 0 to 70°C. 
This means that the output will never decrease for an in- 
crease in the digital input. 

COMPLIANCE 

The compliance voltage of the DAC60 is the maximum volt- 
age swing allowed on the current output node in order to 
maintain the specified accuracy; it is 0.70 volts for the 
bipolar current range of ±2.5 mA and is 3.6 volts for the 
unipolar current range of 0 to -5 mA. The maximum safe 
voltage swing allowed with no damage to the DAC60 output 
is ±5 volts. 


INSTALLATION AND OPERATING INSTRUCTIONS 



# BIPOLAR OFFSET, pin 17, should be connected to I 
OUTPUT, pin 15, for bipolar operation or to POWER 
COMMON, pin 22, for unipolar operation. 

® GAIN Adjustment Range: ±0.15%ofFSR 

# Offset Adjustment Range: ±0.15% of FSR 

# If the GAIN ADJUST is not used, leave pin 27 open. 

# REF OUT, pin 21 may be used to provide a low drift 
(5 ppm/°C) reference for external circuitry as long as 
less than ±100 juA is drawn from it. 

# Internal 4.7 /iF bypass capacitors between the ±15 Vdc 
power inputs and grbund are included so that the DAC60 
does not require external bypass capacitors. 


• Both the DAC60-10 and DAC60-12 provide 12 digital 
inputs. Digital inputs that are not used should be tied 
to “1” (+5 volts). (Bits 11 and 12 on the DAC60-10 
should be tied to +5 V if not used.) 

INTERNAL FEEDBACK RESISTOR 

Burr-Brown includes a 2 k£2 feedback resistor in the high 
speed resistor network (pin 18). The feedback resistor’s 
temperature coefficient of resistance (TCR) is matched with 
that of the resistor network. Since the TCR of the resistor 
network contributes much of the current output drift of 
the DAC60, use of the feedback resistor with an external 
op amp reduces the effective drift of the voltage output. 
This is why the voltage output drift in the , electrical 
specifications table is significantly better than the current 
output drift. 
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OPTIONAL OPERATING CONFIGURATIONS 


DRIVING AN OP AMP SUMMING JUNCTION 

The DAC60 will drive the summing junction of an op amp 
(op amp being used as a current to voltage converter) to 
produce an output voltage: 

v out = -Oout) ( r f) 

where IquT * s the DAC60 short circuit output current and 
Rp is the op amp feedback resistor. Use of the internal 
feedback resistor (pin 18) will result in a 0 to +10 volt or 
±5 volt output range. A 16 k£2 feedback resistor would 
produce output ranges of 0 to +50 volts or ±25 volts. 

Use of the internal 2 kJ 71 feedback resistor will result in 
output voltage drifts as indicated in the specification table 
because the internal Rp drift is matched to that of the 
current sources. When using external feedback resistors, 
their temperature coefficient of resistance (TCR) should be 
directly added to the current output drift of the DAC60 to 
obtain the drift of the voltage output. 



* Burr-Brown’s 3400, 3401 and 3402 may also be used. 
FIGURE 1. Driving an op amp summing junction. 


DRIVING A RESISTIVE LOAD 



FIGURE 2. Driving a resistive load. 


When driving a resistive load, the voltage output of the 
DAC60 is the short circuit output current times the equiva- 
lent load resistance. The DAC60 output impedance is 
approximately 650 ohms (in parallel with the load resistance, 
Rp). The output voltage is: 

w n w Rpx650£2 

VouT=OouT)( RL + 65on ) 

With an Rp of 100 k£2 or higher, the full scale output 
voltage will be approximately 3.2 volts. An Rp of 300 
ohms will provide a full scale output voltage of approxi- 
mately 1 volt. 

NOTE: For bipolar use, the output voltage should be less 
than 700 mV for acceptable output accuracy. 


DRIVING A CABLE 

The DAC60 can drive long lengths of cable with a circuit 
as shown in Figure 3. With just the 93 ohm terminating 
resistor used, the full scale output will be approximately 
500 mV. The 120 ohm resistor across pins 15 and 16 will 
minimize output re-reflections due to mismatches between 
the characteristic impedance of the cable and the output 
impedance of the DAC60. The reflection factor of a cable 

is where Z 0 is the characteristic impedance of the 

Z 0 + Zt 

cable and Zt is the termination resistance. A 1% mismatch 
between Z 0 and Zt will reflect back 1% of the output volt- 
age to the cable input where the termination resistance 
normally seen is the 650 ohm output impedance of the 
DAC60. The reflection factor at the cable input would 
then be .75. The 120 ohm resistor reduces this reflection 
factor to 0.06 and significantly reduces glitches caused by 


reflections. Of course the 120 ohm resistor will reduce the 
full scale output voltage to about 250 mV. 



Common 


FIGURE 3. Driving a cable. 
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OEGLITCHED VOLTAGE OUTPUT 


APPLICATIONS 


Output transients when switching from one state to 
another are always a problem with high speed D/A 
converters. These transients, sometimes called glit- 
ches, are the result of unequal turn on and turn off 
times of the digital and analog components. A 
major contributor to glitch amplitude for the DAC 
60 is the data skew of the digital inputs. Data 
skew is the time difference between the time one 
bit input changes state to the time other bit inputs 
change state. With data skew of less than 2 nano- 
seconds the DAC60 glitch area will typically be 
25 picoamp seconds. 

If a high speed amplifier, such as BB Model 3550 is 
used on the DAC60 output, a bridge clamping cir- 
cuit on the summing junction will reduce the glitch 
amplitude. The deglitching bridge and bridge driver 
should be connected as shown in Figure 4. A high 

WAVEFORM GENERATORS 



FIGURE 4. Deglitcher on DAC60 Output. 


speed Schottky digital storage buffer should be used to reduce skew to 
2 nanoseconds or less. 

The deglitcher performance depends on the switching speed and matching 
of the bridge diodes. The bridge essentially clamps the summing junction 
near ground, preventing voltage glitches from appearing at the amplifier 
output. This technique can essentially eliminate or significantly reduce 
glitch amplitudes to 5 LSB or less at the output. 


The DAC60 may be used as a high 
speed, precision signal generator with 
the help of a programmable read-only 
memory. 

The counter updates the PROM ad- 
dresses once each clock cycle. The 
delay provides a strobe pulse for the 
shift register when the PROM outputs 
have settled to a new word. This cir- 
cuitry may be programmed to provide 
almost any complex, high speed wave- 
form with up to 0.01% accuracy. 



CRT DISPLAY CHARACTER GENERATOR 
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Ultra-High Speed 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 12-BIT RESOLUTION AND ACCURACY 

• 35nsec SETTLING TIME 

• ECL-COMPATIBLE INPUTS 

• LOW GLITCH ENERGY 

• ±30ppm/°C MAX GAIN DRIFT 

• LINEARITY ERROR LESS THAN ±1/2LSB 
OVER SPECIFIED TEMP RANGE 


• ADJUSTABLE LOGIC THRESHOLD FOR IDEAL 
SWITCHING 

• INTERNALLY-BYPASSED SUPPLY LINES TO 
MINIMIZE SETTLING TIME 

• INTERNAL FEEDBACK RESISTOR FOR EXCELLENT 
THERMAL TRACKING 


DESCRIPTION 

The DAC63 is an ultra-fast-settling 1 2-bit current output 
D/ A converter in a 24-pin dual-in-line ceramic bottom- 
brazed package. The inputs are ECL-compatible and the 
output settles in 35nsec, typ (45nsec, max) to within 
±0.012% of full scale range. The DAC63 utilizes a 
monolithic 12-bit switch chip and a stable thin-film-on- 
sapphire resistor network to achieve fast settling time and 
excellent stability over temperature and time. Because of 
the close thermal tracking of the current-switching 
transistors (all on one monolithic chip) the possibility of 
thermal-tail settling time problems is eliminated. An 
internal applications resistor for use with an external 
output op amp is included to convert the output current 
into a voltage. It is on the same chip as the ladder network 
to insure excellent tracking and therefore lower drift. The 
linearity is guaranteed to be within ±1/2LSB over the 
specified temperature range of -25°C to +85°C. Gain drift 
is ±30ppm/°C max and bipolar offset drift is ±10ppm of 
FSR/°C max (CG model). Also included internally is a 
+6.2V reference. An output voltage compliance range of 
+2.0 V to -0.5 V allows the generation of an output voltage 
without using an external output amplifier. 


FUNCTIONAL DIAGRAM 



0 ¥ cc 

LOGIC 

0 THRESHOLD 

1.24kn SELECT 
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ELECTRICAL 

At +25° C and rated supplies unless otherwise noted. 


MODEL I DAC63CG 


SPECIFICATIONS 


DAC63BG 

TYP 


icnna 


DIGITAL INPUT 

Resolution 
Logic Inputs(i) 

Logic “1", Voltage 
Current 
Logic “0”, Voltage 
Current 

Logic Threshold, Voltage 
Current 


TRANSFER CHARACTERISTICS 
ACCURACY(2) 

Linearity Error 
Differential Linearity Error 
Gain Error 

Offset Error, Unipolar 
Bipolar 

Monotonicity Temp. Range (min) 
CONVERSION SPEEDS) 

Settling Time to ±1/2LSB into 1500 
For FSR Change 
For 1LSB Change 
Glitch Energy(5) 

DRIFT(-25°C to +85° C) 

Gain 

Offset, Unipolar 
Bipolar 

Total Linearity Error 

Total Differential Linearity Error 

Drift (long term, linearity) 


OUTPUT 


ANALOG OUTPUT 



±15 ±30 

±0.3 ±0.6 

±10 

±0.012 over -25° C to +85° C 
±0.025 over -25°C to +85°C 

I ±2 I 


I ±20 ±40 

±0.5 ±1 

±15 

±0.025 over -25°C to +85°C 
±0.05 over -25°C to +85°C 

I ±2 I 


PHYSICAL CHARACTERISTICS 


TEMPERATURE RANGE 

Specification 

-25 

Operating (derated specs) 

-55 

Storage 

-55 



24-pin DIP bottom-brazed ceramic 


nsec 

nsec 

LSB-nsec 

ppm/°C 
ppm/°C 
ppm/°C 
% of FSR 
% of FSR 
ppm/month 


I 

I 


Output Current 

Output Voltage Ranges 
with External Op Amp 
without External Op Amp 

Output Impedance 
without External Op Amp 

Unipolar, Positive 

Negative 

Bipolar 

Compliance Voltage 

-0.5 

Oto -10, ±5 

0 to +10, ±5 
0 to+1 .5, ±0.5 

150 

200 

170 

+2.0 

-0.5 

Oto -10, ±5 

Oto +10, ±5 
Oto +1.5, ±0.5 

150 

200 

170 

+2.0 

mA 

V 

V 

n 

n 

n 

V 

POWER SUPPLIES AND REFERENCE 

Internal Reference Voltage 


+6.2 



+6.2 


V 

Internal Reference Drift 


±15 



±15 


ppm/°C 

Power Supply Voltages 

±13 

±15 

±18 

±13 

±15 

±18 

V 

Power Supply Current 








+15V 


26 

31 


26 

31 

mA 

-15 V 


38 

46 


38 

46 

mA 

Power Supply Sensitivity 








+15V 


±0.0035 



±0.0035 


%/%AV 

-15V 


±0.0004 



±0.0004 


%/%AV 

Power Dissipation 


960 

1160 


960 

1160 

mW 



NOTES: 

1 . Logic input voltages and currents are dependent on the logic threshold 
voltage. The logic input values given in each column are correct for the 
logic threshold voltage given in that column. 

2. When used with an external output op amp. 


3. FSR is Full Scale Range, which is 10mA for both the DAC63BG and 
DAC63CG. 

4. Refer to description of settling time measurement. 

5. Refer to Output Glitch section. 
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MECHANICAL 



DISCUSSION OF 
SPECIFICATIONS 

ACCURACY 

Linearity of a D/ A converter is one of the true measures 
of its performance. The linearity error of the DAC63 is 
specified over its entire temperature range. The analog 
output will not vary by more than ±1/2LSB (±1LSB for 
the BG model), from an ideal straight line drawn between 
the end points (inputs all “l”s and all “0”s) over the 
specified temperature range of -25°C to +85°C. 
Differential linearity error of a D/A converter is the 
deviation from an ideal 1LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over a -25°C to +85° C and -55°C to + 1 25°C 
range is guaranteed to insure that the analog output will 
increase or remain the same for increasing input digital 
codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by: 1 ) 
testing the end point differences for the DAC63 at T m i n , 
+25°C, and T m a X ; 2) calculating the gain error with respect 
to the +25°C value and; 3) dividing by the temperature 
change. This figure is expressed in ppm/°C and is given in 
the electrical specifications (includes internal reference). 

Offset Drift is a measure of the actual change in output 
around zero over the specified temperature range. The 
offset is measured at T min , +25°C, and T max . The maximum 
change in Offset is referenced to the Offset at +25 W C and 


PIN ASSIGNMENTS 


Pin No. 

Function 

1 

Bit 1 (MSB) 

2 

Bit 2 

3 

Bit 3 

4 

Bit 4 

5 

Bit 5 

6 

Bit & 

7 

Bit 7 

8 

Bit 8 

9 

Bit 9 

10 

Bit 10 

11 

Bit 11 

12 

Bit 12 (LSB) 

13 

GND 

14 

GND 

15 

GND 

16 

GND 

17 

GND 

18 

Feedback Resistor Connection 

19 

Current Output 

20 

Bipolar Offset 

21 

Bipolar Offset 

22 

Logic Threshold 

23 

+15VDC 

24 

-15VDC 


is divided by the temperature range. This drift is expressed 
in parts per million of full scale range per °C (ppm of 
FSR/°C). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
the DAC63 is +2.0V and -0.5V. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nominal 
power supply voltages. To insure precision operation, 
each supply lead should be bypassed to ground as close to 
the unit as possible with a 1/uF CS-type tantalum 
capacitor. 

GROUNDING 

Care must be exercised when grounding the DAC63 (pins 
13, 14, 15, 16, and 17). In order to preserve the stated 
linearity and accuracy specifications it is necessary to use 
the ground pins as the analog ground reference point. 
Any voltage drop that develops between any of these five 
pins and the actual ground reference point will degrade 
the performance of the DAC63. To achieve fast settling 
performance it is recommended that pins 13 through 17 
be returned directly to a ground plane (see Figure 1). The 



FIGURE 1. DAC63 Grounding. 



analog ground should be located as close to the DAC63 
as possible. Otherwise, the accuracy will be degraded by 
the voltage drop in the ground lines. 

DIGITAL INTERFACE, LOGIC THRESHOLD, 

AND NOISE IMMUNITY 

The DAC63 is compatible with conventional ECL logic 
families such as ECL 10,000. The circuit diagram shows 
that the equivalent circuit of each DAC63 digital input is 
the base of one side of a differential amplifier. The logic 1 
input voltage is -0.85V with a typical input current of 
8/uA. The logic 0 input voltage is -1.75V with an input 
current of less than 8nA. 

The Logic Threshold function of the DAC63 is very 
important in dealing with noise in the ECL input-driving 
circuitry. The ECL 10,000 logic family has a noise 
immunity of 125mV maximum. It has a temperature 
coefficient of -1.4mV/°C and a power supply sensitivity 
of 1 6mV / %AV. With a realistic condition of a 5% power 
supply variation and a 25°C temperature change, the 
noise immunity would be degraded to lOmV. In addition, 
a precision D/A converter is more susceptible to noise 
than is the ECL logic. Noise at levels acceptable to the 
logic can couple through the D/A resulting in an 
unacceptably noisy output. 

Through the logic threshold input, the threshold voltage 
of the D AC63 is dynamically adjusted as the temperature 
and power supplies vary to give maximum noise immun- 
ity at the analog output over a wide range of conditions. 



FIGURE 2. Driving the Logic Threshold Input. 


If an MC101 15 line receiver (or similar logic function) is 
used to drive the DAC63 input, the logic threshold pin 
can be driven by the V B b output of the ECL gate. Refer to 
an ECL 10,000 data book for more detail. Figure 2 shows 
alternate methods for generating the drive signal for logic 
threshold, pin 22. 

SETTLING TIME 

Settling time for the DAC63 is the total time required for 
the output to settle within an error band around its final 
value after a digital input change. This time includes the 
digital delay of the internal switches. 


The settling time of the DAC63 is determined indirectly 
because of the effect of test equipment error on the final 
measurement. The test equipment must be “calibrated” 
by measuring the settling time of the instrumentation 
using a pair of hot carrier diodes in place of the DAC63. 
The switching time of the hot carrier diodes is negligible 
and therefore the settling time of the instrumentation can 
be observed. The settling time measurement is made by 
amplifying the output of the DAC63 and displaying the 
output on a sampling scope. The settling time of the 



FIGURE 3. Test Configuration for Measuring DAC63 


Settling Time. 


DAC63 is determined mathematically in the following 
way: 


t dac — t measured) “ ( t instrumentation) 


where 


t instrumentation = settling time observed using hot 
carrier diodes in place of DAC63 

t measured = settling time observed with the DAC63 
t dac = actual settling time of the DAC63 

A typical example of this settling time measurement 
procedure follows. A test configuration shown in the 
block diagram of Figure 3 is used. The high speed 
amplifier has a gain of 25. The amplifier schematic is 
shown in Figure 4. 

The settling time of the amplifier is determined to be 
20nsec which is reasonably in agreement with its band- 
width characteristic -- a 3-pole response with a -3dB point 
at 120 MHz. After making the measurements, the DAC63 
settling time is determined. 

t instrumentation 20nSeC 
I measured 40nSeC 

t dac = V (40) 2 - (20) 2 

= 35nsec 


Figure 5 shows a typical settling time curve of the DAC63 
versus output error. This curve is for full-scale digital 
code changes. Figures 6 and 7 are photographs showing 
typical measured settling time characteristics of the 
DAC63. This is the “t measured” as given above. 

In order to achieve a clean response it is necessary to 
observe the following good high frequency construction 
techniques: 

1 . The power supplies, including the logic threshold input 
(pin 22), should be bypassed by 1/zF CS-type tantulum 
capacitors. 

2. Use a ground plane to connect common ground points. 

3. Remove the ground plane from underneath signal lines 
where it would add capacitance. 
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HOT CARRIER DIODES 
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FIGURE 4. Schematic of Fast Settling Time Amplifier. 


4. Separate analog and digital signal leads to avoid 
coupling of the digital signal into the analog paths. 

5. Bring the source of the digital driving signal as close 
to the inputs of the DAC63 as possible. If the digital 
inputs are not clean it will be necessary to reshape 
them using registers or line drivers. Figure 9 shows 
how to interface the DAC63 to an input register. It is 
recommended that the logic power line be bypassed 
near the digital logic circuitry as a further measure to 
achieve clean signals. 

6. If possible, the DAC63 should be soldered directly 
into the printed circuit board since connector lead 
length will cause ringing in the output. 


Digital Input 


Amplified 
DAC63 Output 
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Digital Input 
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FIGURE 7. Full Scale Settling of DAC63 into50n Load. 


OUTPUT GLITCH 

“Glitch” is defined as the difference in the waveforms at 
the output of the D AC if there is data skew and if there is 
not. The measurement of glitch is accomplished by 
measuring the area between these two waveforms. 

An output glitch of less than 250LSB-nsec is achievable 
with the DAC63 because it employs ECL circuitry with 
current switches that have virtually identical delay times 
for logic signals making either positive or negative 
transitions. A glitch results when the digital data changes 



FIGURE 8. Typical Glitch Response of DAC63 at Major 


Carry Transition with a 1.6V Full Scale 
Range. 


from one code to the next and the bits do not all switch at 
the same time. The delay time between the earliest and 
latest switching bits is called skew time. Typically during 
the skew time of the digital data, which includes the DAC 
switching, the digital code is undefined and the DAC 
output can go to any voltage between the full scale 
extremes. The glitch creates a noisy output which can be 
troublesome in some applications such as precision 
displays and complex waveform generation. Figure 8 is a 
photograph of a scope trace of the DAC output with a 
glitch occurring at the major carry transition. 

The DAC63 design has been optimized for low glitch 
energy. Flowever, a further reduction in the output glitch 
can be achieved by adjusting the skew of the higher order 
bits of the driving circuitry and by adjusting the logic 
threshold. This can be done by connecting a variable 
capacitor from the data lines to ground on each of the 
first three significant bits (more than three lines may be 
adjusted if desired). Refer to Figure 9. It will be necessary 
to create a driving digital code pattern that causes a major 
carry transistion around these bits. It is convenient to use 
a digital ramp from a counter for this purpose. Initially 
set the logic threshold exactly half-way between logic 1 
and alogicO. This will be about -1.3V. Then examine the 
major carry transition associated with bit 3 and adjust the 
capacitor for minimum glitch. Make the same adjustment 
to bit 2 and then to bit 1 . If done in this order, interactions 
will be minimized. Finally, fine tune the response by 
adj usting the logic threshold voltage ( pin 22) for minimum 
glitch. It may be necessary to repeat this procedure once 
or twice for complete optimization. 


OUTPUT CONFIGURATIONS 
AND APPLICATIONS 
INFORMATION 


The DAC63 contains two 1.24kfl resistors for generating 
the bipolar offset current and a 1 kfl resistor which is 
primarily used as the feedback resistor when used with an 
external op amp. This thin-film network is constructed 
on sapphire to provide excellent temperature tracking 
capability inherent in thin-film networks. These internal 
resistors along with other internal resistors cause the 
D AC63 output, in any mode, to be a ratiometric product 
of the reference. The feedback resistor has very low 
power sensitivity so that linearity is maintained in- 
dependent of digital code changes. Because this resistor is 
constructed on a sapphire network it is possible to have 
both superior tracking and low capacitance. Figure 10 
shows the DAC63 connected to an external op amp in 
unipolar and bipolar modes. When the op amp is a Burr- 
Brown model OPA600 it is possible to achieve settling 
times to ±0.0 1 % accuracy in 1 50nsec. Many of the output 
accuracy and linearity specifications are given when 
connected to an external op amp. 

For highest speed operation, the DAC63 should be used 
without an external op amp. Figures 1 1 and 12 show how 
to connect the D AC63 for bipolar and positive unipolar 
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FIGURE 9. Glitch Adjustment. 


operation. Figure 13 illustrates how to connect the 
DAC63 to construct a fast A/D converter. The ADC 
attempts to create a null at the DAC output, so it is 
possible to clamp the output voltage with a pair of diodes, 
thereby avoiding the negative compliance limit. 



FIGURE 10. Bipolar and Unipolar Output Connections 
when Used with External Op Amp. 
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DIGITAL 



FIGURE 11. Bipolar Voltage Output Without External FIGURE 12. Positive Unipolar Voltage Output Without 
Op Amp. External Op Amp. 



FIGURE 13. DAC63 Used in a Fast A/D Converter. 
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BURR -BROWN® 




DAC70 


High Resolution 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


PROVIDES ACCURATE ANALOG SIGNALS 
EXCELLENT FOR CALIBRATION STANDARD AND 
HIGH RESOLUTION APPLICATIONS 
16-bit resolution 

Laser-trimmed to ±0.003% maximum nonlinearity 
Ultra-low drift - ±4ppm/°C. max 


SMALL SIZE SAVES SPACE AND WEIGHT 
Hermetic Dual-in-line Package 
Low Cost 


DESCRIPTION 


FUNCTIONAL DIAGRAM 



The DAC70 is a high quality 16-bit hybrid IC D/A 
converter in a 24-pin DIP-compatible hermetic metal 
package. Constructed with laser-trimmed and drift- 
matched thin-film resistor network and fast-settling 
bipolar IC current switches, the DAC70 settles in 
50jusec to a maximum nonlinearity of ±0.003% of full 
scale range (FSR) and has a very low maximum gain 
drift of ±4ppm/°C over I5°C to 50°C. Three basic 
models accept complementary unipolar or bipolar 
16-bit binary or complementary 4-digit BCD TTL- 
compatible input codes. Each model is available in 
two grades of drift, linearity and operating 
temperature range. The Model DAC 70 (-25°C to 
+85°C) offers ±0.003% of FSR maximum 
nonlinearity and ±7ppm/°C maximum gain drift. 
The Model DAC70C (0°C to +70°C) offers ±0.005% 
of FSR maximum nonlinearity and ±I4ppm/°C 
maximum gain drift. 

These units provide output current signals of ±lmA 
or 0 to -2mA, and contain the scaling resistors for 
connecting an external amplifier to provide 0 to 
+10V (CSB, CCD) or ±10V (COB) output voltage 
ranges. Input power is ±15VDC and +5VDC. 
Excellent stability, long life and quality product 
performance is assured because each DAC70 is 
burned-in for 96 hours at +100°C. Calibration 
equipment used to test the DAC70 is traceable to the 
National Bureau of Standards. 
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SPECIFICATIONS 


ELECTRICAL 


(Typical at 2S°C with ratedpower supplies unless otherwise noted,) 


[model 

| DAC70 

DAC70C 

UNITS 

1 input “| 

DIGITAL INPUTS 

TTL/DTL Compatible 


Data Input Codes 

Complementary: lf> bit Binary/ 


Logic Levels! 1 ) 

4 digit BCD 


Logic “1”( 2 ) 

+2.4 < e d 

<+ 5.0 

v 

Logic “0”!®) 

0<e d <+0.4 max 

@ 1.0mA sink 

V 

| TRANSFER CHARACTERISTICS j 

ACCURACY (2S°c) 




Linearity Error (max) 

±0.003 

±0.005 

%of fsr! 4 > 

Gain Error, <max)( 5 ) 

±0.05 

% 

Offset Error, (max)( 5 ) 

±0.05 

% of FSR 

Monotonicity Guaranteed (10°C to 40°C) 

14 

13 

bits 

DRIFTS 




Gain (max) (0°C to +70°C) 


±14 

ppm/°C 

(max) (~25°C to +8S°C) 

±7 

— 

:ppm/°C 

(max) (+1S°C to SO°C) 

±4 

±8 

PPm /°C 

Offset 




Unipolar 


1 

ppm of FSR/°C 

Bipolar (max) 

±5 

±10 

ppm of FSR/°C 

Linearity (max) 

±2 

! 

ppm of FSR/°C 

SETTLING TIME (6) 




(to 0.003% FSR) 




Voltage Output! 5 ) (max) 20 V step 

100 

Msec 

.6 mV step 

50 

Msec 

Current Output 2 mA step 

50 

Msec 

Output Switching Transient 

500 

mV 

Slew Rate 



V/Msec 

POWER SUPPLY SENSITIVITY 




Unipolar Offset 




±15 V 

±1 


ppm of FSR/% 

+5 V 

±0.1 

ppm of FSR/% 

Bipolar Offset 


. 


±15 V 

±4 

ppm of FSR/% 

+5 V 

±1 

ppm of FSR/% 

Gain 


■ 


±15 V 

±10 

ppm/% 

+5 V 

±5 

ppm/% 

OUTPUT f 

ANALOG OUTPUT 



IlllIlJlllflM 

'Voltage Mode! 7 ) 




CSB and CCD Models 

0to+10 

- H 

COB Model 

±10 


Output Current (min) 

5 



Output Impedance (DC) 

0.05 

n 

RMS Noise (10 Hz to 10 kHz) 

0.003 

% FSR 

Current Mode 




CSB and CCD Models 

0 to 

-2 

mA 

COB Model 

±1 


i 

Compliance!®) 

±2.5 


(jhitput Impedance (DC) 




Bipolar 

4.4 


Unipolar 

15 



INTERNAL REFERENCE VOLTAGE (V r ) 

6.3 

V 

Maximum External Current^ 9 ) 

200 

MA 

POWER SUPPLY REQUIREMENTS 



■ ■ 

Rated Voltage 

±15 and +5 


Range 

±14.5 to ±15.5 & +4.75 to +5.25. 

jig. 1 1 j 1 

Supply Drain 




± 1 5 V (including 5 t mA load) 

30 


+5 V 

25 


mm 

TEMPERATURE RANGE 




Specification 

-25 to +85 

0 to +70 

BB'v / 

Operating (Double above drift specs) 

-55 to +100 

-25 to +85 


Storage 

-55 to +125 


( 1 ) It is recommended that the digital input lines to the DAC70 be drawn from TTL devices (inverters I 

or registers) that drive only the DAC to obtain the specified accuracy. 


(2) Logic “1 ” current = +40mA max at V in = 

+5.0V. 



(3) Logic “0" current = -1 .6mA max at V in = 

+0.4V. 




(4) FSR means full scale range and is 20V for ±10V range, 10V for 0 to +10 V range, etc. 

(5) Gain and offset are externally adjustable to zero (see page 5-52). 

(6) Worse case conditions measured at the worst case major carry (mid-scale). 

(7) With external Burr-Brown Model 3500C op amp or equivalent, using internal feedback resistors. , 

(8) The current output should be connected to the virtual ground of an amplifier summing junction to 
obtain specified accuracy. 

(9) With no degredation of specifications. 




CASE: Kovar 

Mating Connector 24SMC 
PIN : Pin material and plating composition 
conform to method 2003 (solderabiltiy) 
of Mil-Std-883 (except paragraph 3.2). 
WEIGHT: 9 grams (.32 oz) 


CONNECTION DIAGRAM 



+6.3 V 
Ref. Out 

+ 15V 

Gain Adj 

I out 

Common 

-15V 

+5V 

Rp * 

Bit 16 
(LSB) 

Bit 15 
Bit 14 
Bit 13 


* Rp = 5k (CSB) ** 6.3k Bipolar 

10k (COB) Offset Resistor 

8k (CCD) (COB only) 
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DISCUSSION OF SPECIFICATIONS 


DIGITAL INPUT CODES 

The DAC70 accepts complementary digital input codes in 
either binary (CBI) or decimal (CCD) format. The COB 
model may be user connected for either complementary 
offset binary (COB) or complementary two's complement 
(CTC) codes as shown in Table I. 


DIGITAL INPUT CODES | 


Logic Inputs 

CSB 

COB 

CTC* 

to 


Compl. 

Compl. 

Compl. 

Two's 

Comple- 

ment 

a> 

•o 

o 

MSB LSB 

Straight 

Binary 

Offset 

Binary 


All bits OFF OOOO ... OOO 

+ Full Scale 

+ Full Scale 

-1 LSB 

o 

Mid Scale 0111 ... Ill 

+34 Full Scale 

Zero 

-Full Scale 


All bits ON 1111... Ill 

Zero 

-Full Scale 

Zero 


1000 ... OOO 

Mid Scale -1 LSB 

-1 LSB 

+ Full Scale 



CCD 


‘Invert the 

</> 




MSB of the 

T5 

XI 


(Complementary Coded 

COB code 

o 

5 


Decimal) 4 Digits 

with an 





external 

o 

F.S.bits OFF 01 10 ... 0110 

+-Full Scale 

inverter to 

o 

All bits ON ini ... mi 

Zero 


obtain CTC 
code. 


TABLE I. Digital Input Codes. 

accuracy 1 

LINEARITY 

This specification describes one of the truest measures of D/A 
converter accuracy. As defined it means that the analog out- 
put will not vary by more than +0.003% of FSR max (DAC 
70) or +0.005% of FSR max (DAC70C) from a straight line 
drawn through the end points (all bits ON and all bits OFF) 
at 25°C. 

DIFFERENTIAL LINEARITY 

Differential linearity error of a D/A converter is the devia- 
tion from an ideal 1 LSB voltage change from one adjacent 
output state to the next. A differential linearity error speci- 
fication of ±1/2 LSB means that the output voltage step sizes 
can be anywhere from 1/2 LSB to 3/2 LSB when the input 
changes from one adjacent input state to the next. 

M0N0T0NICITY 

Monotonicity over 10 to+40°C is guaranteed in the DAC70. 
This insures that the analog output will increase or remain 
the same for increasing 14 bit input digital codes. It is 13 
bits over the same temperature range for the DAC70C. 

DRIFT + 

GAIN DRIFT is a measure of the change in the full scale 
range analog output over temperature expressed in parts per 
million per °C (ppm/°C). The GAIN DRIFT is determined 
by testing the end point differences at -25°C or 0°C, +25°C 
and +70°C or +85°C for each model and calculating the 
GAIN ERROR with respect to the 25°C value and dividing 
by the temperature change. This specification is expressed 
in ppm/°C and is shown in Figure 1. 


OFFSET DRIFT 


OFFSET DRIFT is a measure of the actual change in the 
output with all bits OFF over the specified temp- 
erature range. is measured at -25°C or 0°C,+25°C 


and +70°C or +85 °C. The maximum charge in OFFSET is 
referenced to the OFFSET at 25°C divided by the temper- 
ature range. This drift is expressed in parts per million of 
full scale range per °C (ppm of FSR/°C). 


SETTLING TIME f 

The settling time for each model DAC70 is the total time 
(including slew time) for the output to settle to within an 
error band about its final value after a change in the input. 
Two settling times are specified to ±0.003% of full scale range 
(FSR); one for a maximum full scale range change of 20V 
and also for a 1 LSB change. The 1 LSB change is measured 
at the major carry (0111 ... 11 to 1000 ... 00) since this is 
the point where the worst case settling time occurs. This 
measurement is made with an external BB3500C op amp. 
(See Figure 3.) 

OUTPUT SIGNAL RANGES 

For optimum operation and performance to specification, 
an external operational amplifier (BB Model 3500C) should 
be used with the DAC70. A laser trimmed low-drift thin 
film feedback resistor (Rp) is provided in each DAC70 to 
provide an output voltage range of ±10V for the CGB model 
or Oto + lOV for the CSB or CCD models. The internal feed- 
back resistor must be used to obtain low gain drift. 


COMPLIANCE 

The compliance voltage of the DAC 70 is the maximum volt- 
age swing allowed on the current output mode in order to 
maintain the specified accuracy; it is ±2.5V and is compa- 
tible with an external op amp summing junction. The max- 
imum safe voltage swing allowed with no damage to the 
DAC70 output is ±5 volts. 


POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of power 
supply voltage change on the D/A converter output. It is de- 
fined as ppm of FSR per percent of change in either the 
+ 15 volt or - 15 volt and +5 power supplies about the nom- 
inal power supply voltages. Figure 2 shows Power Supply 
rejection vs. Frequency. 

[ t All specifications are tested with a BB3500C operational 
.amplifier connected to the DAC70 output. 
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DIGITAL INPUT 
AND ANALOG 
OUTPUT 

RELATIONSHIPS 



OUTPU 

T CODE 

DIGITAL INPUT CODE 

VOL 

rAGE 

CUR 

IENT 

16 Bit Resolution 

14 Bit Resolution 

16 Bit Resolution 

14 Bit Resolution 

Complamentary Unipolar 
Straight Binary (CSB) 

0 to + 1 0V or 0 to -2mA 

One LSB 

All Bits Off 

All Bits on 

+153mV 

+9.99985V 

Zero 

+610pV 

+9.99939 

Zero 

0.031 mA 

-1.99997mA 

Zero 

0.122mA 

-1.99988mA 

Zero 

Complementary Bipolar 
Offset Binary (COB) 

±10V or ±1mA 

One LSB 

All Bits off 

All Bits on 

+3051MV 

+9.99969V 

-10.0000V 

+1 .22mV 

+9.99878V 

-10.0000V 

0.031MA 
-0.99997 mA 
+ 1.0000m A 

0.122mA 
-0.99988mA 
+1. 0000mA 

Complementary Binary 
Coded Decimal (CCD) 

0 to + 1 0V or 0 to -1 .25mA 
One LSB 

F.S. Bits off 

All Bits on 

4 Digit 
Resolution 

N/A 

4 Digit 
Resolution 

N/A 

+1.0mV 
+9.999V 
* Zero 

0.125mA 

-1.24987mA 

Zero 


TABLE II. Ideal output voltage and current. 
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OPERATING AND INSTALLATION INSTRUCTIONS 


INSTALLATION CONSIDERATIONS 

The DAC70 is laser trimmed to 14 bit linearity. The design 
of the device makes the 16 bit resolution available on binary 
units. If 16 bit resolution is not required, bit 15 (pin 15) and 
bit 16 (pin 16) should be connected to +5 V through a single 
1 k £2 resistor. 

Due to the extremely high resolution and linearity of the 
DAC70, system design problems such as grounding and con- 
tact resistance become very important. For a 1 6 bit converter 
with a +10 volt full scale range, one LSB is 153juV. With a 
load current of 5 mA and series wiring and connector resis- 
tance of only 30 m£2, the output will be in error by 1 LSB. 
To understand what this means in terms of a system layout, 
the impedance of #18 wire is about 0.064 £2/ ft. Neglect- 
ing contact resistance, less than 6 inches of wire will produce 
a 1 LSB ei;ror- in the analog output voltage! Although the 
problems involved seem enormous, care in the installation 
planning can minimize the potential causes of error. 

The output can be made essentially independent of lead re- 
sistance by sensing the output at the load itself as shown in 


Figure 6. The lead and contact resistance, Zj, is reduced by 
the loop gain to acceptable values. 

The DAC70 and the wiring to its connector should be located 
so as to provide optimum isolation from sources of RFI and 
EMI. The key word in elimination of RF radiation or pick- 
up is loop area. Therefore, signal leads and their return con- 
ductors should be kept close together. This reduces the 
external magnetic Field along with any radiation. Also, if a 
signal lead and its return conductor are wired close together 
they present a small flux-capture cross section for any ex- 
ternal field. This reduces radiation pick-up in the circuit. 
The metal case of the unit is internally connected to the com- 
mon pin to further minimize pick-up. The DAC70 case is 
made of gold plated Kovar which also provides some electro- 
magnetic shielding. 


NOTE: 

It is recommended that the digital input lines of the DAC70 be driven 
from inverters of TTL input registers to obtain specified accuracy. 



FIGURE 6. Output CIRCUIT for making LOAD VOLTAGE essentially independent of LEAD RESISTANCE. 


SUPPLY DECOUPLING 

For best performance and noise rejection, power supply decoupling capacitors should be connected as 
shown in Figure 6. These capacitors should be located close to the DAC70 and should be tantalum 
or electrolytic types bypassed with a O.OljuF ceramic capacitor for best high frequency performance. 
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EXTERNAL OFFSET AND GAIN ADJ. 

Offset and gain may be trimmed by the user with externally 
connected offset and gain potentiometers. Connection of 
these potentiometers and the method of adjustment is out- 
lined below. In each case a simplified schematic of the DAC 
70 as seen from the adjustment point is given to assist the 
user in designing his own adjustment networks. Adjust off- 
set first and then gain to avoid interaction (see Figures 4 and 5). 


OFFSET ADJUSTMENT 

For unipolar (CSB, CCD) D/A converters, apply the digital 
input code that should give zero volts output and adjust the 
offset potentiometer for zero volts output. For bipolar 
(COB) D/A converters, apply the digital input code that 
should give minus full scale (-10 volts) and adjust the offset 
potentiometer for an output voltage of -10 volts. Two me- 
thods of offset adjustment are shown in Figures 7 & 8. 



FIGURE 7. Offset adjustment with ±0.2% of FSR range of 
adjustment. DAC70— CSB-I with external op amp. 


In some applications the use of such a large offset adjustment 
resistor might be undesirable. An alternative method of off- 
set adjustment is shown in Figure 8: 



FIGURE 8. Alternative method of offset adjustment with 
±0.2% of FSR range of adjustment for DAC70- CSB-I with 
external op amp. 


GAIN ADJUSTMENT 

For either unipolar (CSB, CCD) or bipolar (COB) models, 
apply the digital input that should give the maximum posi- 
tive current or voltage output. Adjust the gain potentio- 
meter for this full scale value. The positive full scale voltage 
and currents for the DAC70 are given in Table II. 



range of adjustment. 


Figure 9 shows how the gain adjust works on the DAC70. 
The gain of the DAC7 0 is determined by the reference current 
l re f. Due to the high gain and low bias current of A ] , the 
voltage at the positive input of A| is approximately equal 
to the voltage at the gain adjust pin Vq. Therefore, the re- 


ference current is 


: 6.3 V - V G 
50 k 


Since Vq is approximately equal to zero initially, a simple 
formula for determining the voltage range necessary at the 
gain adjust pin for a given percentage change in gain is 



The full scale output voltage of the DAC70 with an external 
output amplifier and internal feedback resistor is laser trim- 
med to less than ±0.05% of FSR. 


REFERENCE SUPPLY 

All DAC 70 and DAC70C models are supplied with an inter- 
nal +6.3V reference voltage supply. This reference voltage 
(pin 24) has a tolerance of ±5% and is connected internally 
for specified operation. The zener is selected for a gain drift 
of typically ±3 ppm/°C and is burned in for a total of 160 
hours for guaranteed reliability. 

This reference may also be used externally but the current 
drain is limited to 200 juA. An external buffer amplifier is 
recommended if the DAC70 internal reference will be used 
externally in order to supply a constant load to the reference 
supply output. 

NOTE: An external reference cannot be used. The DAC70 
internal reference must be used. 

* High quality multi-turn ( 1 0 turns if possible) potentiome- 
ters with less than 100ppm/°C,T.C.R. should be used. 
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APPLICATIONS 


DRIVING AN EXTERNAL OP AMP 

The DAC70 is a current output device and will drive the sum- 
ming junction of an op amp to produce an output voltage 
(see Figure 10). The op amp output voltage is: 

^out = _I out % 

Where I out is the DAC70 output current and Rf is the feed- 
back resistor. Use of the internal feedback resistor (Pin 17) 
is required to obtain specified gain accuracy and low gain 
drift. 


The DAG70 can be scaled for any desired voltage range with 
an external feedback resistor, but at the expense of increased 
drifts of up to ±25 ppm/°C. The resistors in the DAC70 are 
chosen for ratio tracking of ±1 ppm/°C and not absolute 
T.C.R. (which may be as high as ±25 ppm/°C). 

An alternative method of scaling the output voltage of the 
DAC70 and preserving the low gain drift is shown in Figure 
11 . 




FIGURE 11. External op amp using internal and external feedback resistors to maintain low gain drift. 


OUTPUTS LARGER THAN 20 VOLT RANGE 

For output voltage ranges larger than ±10 volts, a high volt- 
age op amp may be employed with an external feedback 
resistor. Use I out values of ±1 mA for bipolar voltage 
ranges and -2 mA for unipolar voltage ranges (see Figure 12). 
Use protection diodes when a high voltage op amp is used. 



FIGURE 12. External op amp using external feedback 
resistors. 
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ORDER INFORMATION 


16 Bit D/A 
Converter Family 



Output 

I = Current Output 


Complementary Offset Binary 


CCD * 4 digit Complementary BCD 


NBS TRACEABILITY 

The reference zener is burned-in for a total of 160 hours. The entire unit is burned-in for 96 hours at +100°C 
to age and stabilize the components and insure long life, excellent stability, and high quality performance. 
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DIGITAL INPUTS 



High Resolution 

16 -BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 16-BIT, 4-DIGIT RESOLUTION 

• ±0.003% MAXIMUM NONLINEARITY 

• LOW DRIFT ±7ppm/°C, (TYPICAL) 

• CURRENT AND VOLTAGE MODELS 

• LOW COST 



DESCRIPTION 

The DAC7I is a high quality 16-bit hybrid IC D/ A 
converter available in a 24-pin dual-in-line ceramic 
package. 

The DAC71 with internal reference and optional 
output amplifier offers a maximum linearity error of 
±0.003% of FSR at room temperature and a 
maximum gain drift of ±15ppm/°C over a tem- 
perature range of 0°C to +70°C. 

Three basic models accept complementary 16-bit 
binary or complementary 4-digit BCD TTL- 
compatible input codes. 

Packaged within the DAC71 are fast-settling switches 
and stable laser-trimmed thin-film resistors that let 
you select output voltages 0 to + 1 0V (CSB and CCD) 
or±10V (COB) and output currents of ± 1mA orO to 
-2mA. Input power is ±15VDC and +5VDC. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Typical at Ta = 25°C and rated power supplies unless 


INPUT 

DIGITAL INPUT 

Resolution, CCD 

CSB, COB 

Logic Levels TTL-Compatible'M) 

Logical “1” ' at ±40 mA' 

Logical “0" < at -1.6mA' 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error at 25°C, CCD 

COB, CSB 

Gain Error, 0) Voltage 
Current 

Offset Error, (3) Voltage, Unipolar 
Voltage, Bipolar 
Current, Unipolar 
Current, Bipolar 

Monotonicity Temperature Range (14 bits' 
DRIFT Over specified temp, range 
Total Bipolar Drift ■ includes gain, 
offset, and linearity drift ,(4) Voltage 
Current 

Total Error over Temperature Ranged) 
Voltage, Unipolar 
Bipolar 

Current, Unipolar 
Bipolar 
Gain, Voltage 
Current 

Offset 

Voltage, Unipolar 
Bipolar 

Current, Unipolar 
Bipolar 

Differential Linearity over Temperature 
Linearity Error over Temperature 

SETTLING TIME 

Voltage Models to ±0.003% of FSR 
Output: 20V Step 

1 LSB Step(6) 

Slew Rate 

Current Models 'to ±0.003% of FSR - 
Output: 2mA step 1011 to 10011 Load 
1 kll Load 
Switching Transient 

OUTPUT 

ANALOG OUTPUT 

Voltage Models 
Ranges - CSB, CCD 
COB 

Output Current 
Output Impedance DC 
Short Circuit Duration 
Current Models 
Ranges - CSB, CCD 
COB 

Output Impedance - Unipolar 
Bipolar 

Compliance 

INTERNAL REFERENCE VOLTAGE 

Maximum External Current! 7 ) 

Temperature Coefficient of Drift 


otherwise noted. 


I 0.05 I 
Indefinite to Common 


% of FSR(2) 
% of FSR 


ppm of FSR/°C 
ppm of FSR/°C 


ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 
J ppm of FSR/°C 
ppm of FSR/°C 
| ppm of FSR/°C 



CASE: Black Ceramic 
MATING CONNECTOR: 245MC 
WEIGHT: 8.4 grams (0.3 oz.t 
HERMETICITY: Conforms to 
method 1014 condition C step 1 
(fluorocarbon) of MIL-STD-883 
(gross leak). 
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MODEL 


MIN 


DAC71 

TYP 


MAX 


UNITS 


POWER SUPPLY SENSITIVITY 

Unipolar Offset 
±15VDC 
+15VDC 

Bipolar Offset 
±15VDC 
+5VDC 

Gain 

±15VDC 

+5VDC 


±0.0001 

±0.0001 

±0.0004 

±0.0001 

±0.001 

±0.0005 


% of FSR/%Vs 
% of FSR/%Vs 

% of FSR/%Vs 
% of FSR/%Vs 

% of FSR/%Vs 
% of FSR/%Vs 

POWER SUPPLY REQUIREMENTS 

Voltage 

±14.5, +4.75 

±15, +5 

±15, +5.25 

VDC 

Supply Drain, ±15VDC mo load) 


±25 

±35 

mA 

+5VDC (logic supply i 


+20 

+35 

mA 

TEMPERATURE RANGE 

Specification 

0 


+70 

°C 

Operating (double above Drift Specs i 

-25 


+85 

°C 

Storage 

-55 


+100 

°C 


NOTES: 

1. Adding external CMOS hex buffers CD4009A will provide 15VDC CMOS input compatibility. The percent 
change in outputn^Vo 'as logic Ovaries from 0.0V to+0.4V and logic 1 changes from +2.4V to +5.0V on all inputs 
is less than 0.006% of FSR. 

2. FSR means Full Scale Range and is 20V for ±10V range, 10V for ±5V range, etc. 

3. Adjustable to zero with external trim potentiometer. 

4. See “Computing Total Accuracy over Temperature". 

5. With gain and offset errors adjusted to zero at 25°C. 

6. LSB is for 14-bit resolution. 

7. Maximum with no degradation of specifications. 



'Rf = 5kfl ( CSB i, lOkfl (COB), 8ktt (CCD). 


PIN ASSIGNMENTS 


1 Models 

No. 

V Models 

(MSB) Bit 1 

1 

Bit 1 (MSB) 

Bit 2 

2 

Bit 2 

Bit 3 

3 

Bit 3 

Bit 4 

4 

Bit 4 

Bit 5 

5 

Bit 5 

Bit 6 

6 

Bit 6 

Bit 7 

7 

Bit 7 

Bit 8 

8 

Bit 8 

Bit 9 

9 

Bit 9 

Bit 10 

10 

Bit 10 

Bit 11 

11 

Bit 1 1 

Bit 12 

12 

Bit 12 

Bit 13 

13 

Bit 13 

Bit 14 

14 

Bit 14 

Bit 15 

15 

Bit 15 

(LSB) Bit 16 

16 

Bit 16 (LSB) 

Rf 

17 

Vout 

+5VDC 

18 

+5VDC 

-15VDC 

19 

-15VDC 

COMMON 

20 

COMMON 

lOUT 

21 

SUMMING JUNCTION 

GAIN ADJUST 

22 

GAIN ADJUST 

+15VDC 

23 

+15VDC 

6.3V REF. OUT 

24 

6.3V REF. OUT 
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DISCUSSION OF SPECIFICATIONS 



0 +25 

Temperature (°C) 


FIGURE 1. Gain Drift Error (%) vs Temperature. 


DIGITAL INPUT CODES 

The DAC7 1 accepts complementary digital input codes in 
either binary (CSB, COB) or decimal (CCD) format. The 
COB model may be connected by the user for either 
complementary offset binary (COB) or complementary 
two’s complement (CTC) codes (see Table I). 


TABLE I. Digital Input Codes. 


1 DIGITAL INPUT CODES ( 



CSB 

COB 

CTC* 





Compl. 

Q 


Compl. 

Compl 

Two's 

O 


Straight 

Offset 

Comple- 

OD 

MSB LSB 

Binary 

Binary 

ment 

o 

O 

All bits ON 0000. 000 

+Full Scale 

+Full Scale 

-1LSB 

CD 

Mid Scale 0111 ...111 

+1/2 Full Scale 

Zero 

-Full Scale 

</) 

All bits OFF 1111... Ill 

Zero 

-Full Scale 

Zero 


1000 000 

Mid Scale -1 LSB 

-1LSB 

+Full Scale 



CCD 

‘Invert the 

to 




MSB of the 

UJ 

Q 


Complementary Coded 

COB code 

O 


Decimal 

4 Digits 

with an 

2 




external 

O 

O 

F.S. bits ON 0110 .0110 

+Full Scale 

inverter to 

o 

All Bits OFF 1111 ...1111 

Zero 

obtain CTC 





code 


ACCURACY 

LINEARITY 

This specification describes one of the truest measures of 
D/A converter accuracy. As defined it means that the 
analog output will not vary by more than ±0.003% max 
(CSB, COB) or ±0.005% max (CCD) from a straight line 
drawn through the end points (all bits ON and all bits 
OFF) at +25°C. 

DIFFERENTIAL LINEARITY 

Differential linearity error of a D/A converter is the 
deviation from an ideal 1LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can be anywhere from 1/2LSB to 
3/2LSB when the input changes from one adjacent input 
stage to the next. 

MONOTONICITY 

Monotonicity over 0’C to ±50°C is guaranteed. This 
insures that the analog output will increase or remain the 
same for increasing 14-bit input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per°C (see Figure 1 ). Gain Drift is established by: 

1 ) testing the end point differences for each DAC7 1 model 
at +25°C and the appropriate specification temperature 
extremes; 2) calculating the gain error with respect to the 
+25°C value; and 3) dividing by the temperature change. 
This is expressed in ppm/°C. 

Offset Drift is a measure of the actual change in output 
with all “l”s on the input over the specified temperature 
range. 


The maximum change in offset is referenced to the offset 
at +25°C and is divided by the temperature range. This 
drift is expressed in parts per million of full scale range per 
°C (ppm of FSR/°C). 

SETTLING TIME 

Settling time for each DAC71 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input (see Figure 2). 



FIGURE 2. Full Scale Range Settling Time vs 
Accuracy. 


VOLTAGE OUTPUT MODELS 

Settling times are specified to ±0.003% of FSR; one for 
maximum full scale range changes of 20V and one for a 
1 LSB change. The 1 LSB change is measured at the major 
carry (01 1 I... 11 to 1000. ..00), the* point at which the 
worst-case settling time occurs. 

CURRENT OUTPUT MODELS 

Two settling time are specified to ±0.003% of FSR. Each 

is given for current models connected with two different 

resistive loads: 1 011 to 100H and lOOOH. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
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allowed on the output of the current models while 
maintaining specified accuracy. The typical compliance 
voltage of all current output models is ±2.5V and 
maximum safe voltage swing permitted without damage 
is ±5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 3). 



FIGURE 3. Power Supply Rejection vs Power Supply 
Ripple Frequency. 

REFERENCE SUPPLY 

All DAC71 models are supplied with an internal +6.3 V 
reference voltage supply. This reference voltage (pin 24) 
has a tolerance of ±5% and is connected internally for 
specified operation. The zener is selected for a Gain Drift 
of typically ±3ppm/°C and is burned-in for a total of 168 
hours for guaranteed reliability. This reference may also 
be used externally but the current drain is limited to 
200/uA. An external buffer amplifier is recommended if 
the DAC71 internal reference is used externally in order 
to provide a constant load to the reference supply output. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors ( 1 >u F 
tantalum or electrolytic recommended) should be located 
close to the DAC71. Electrolytic capacitors, if used, 
should be paralleled with O.OljuF ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN 
ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these poten- 
tiometers as shown in the Connection Diagram and 


adjust as described below. TCR of the potentiometers 
should be 100ppm/°C or less. The 3.9MO and 510kH 
resistors (20% carbon or better) should be located close to 
the DAC71 to prevent noise pickup. If it is not convenient 
to use these high-value resistors, an equivalent “T” 
network, as shown in Figure 4, may be substituted in 
place of the 39MH. A O.OOl^F to 0.01/iF ceramic 
capacitor should be connected from Gain Adjust (pin 22) 
to common to prevent noise pickup. Refer to Figures 5 
and 6 for relationship of offset and gain adjustments to 
unipolar and bipolar D/ A converters. 



3.9MO 


180kn IBOkn 



0 o 

//* f /A O 




>lOkn 

-L 







FIGURE 5. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D/ A Converter. 



FIGURE 6. Relationship of Offset and Gain Adjust- 
ments for a Bipolar D/ A Converter. 


OFFSET ADJUSTMENT 

For unipolar (CSB, CCD) configurations, apply the 
digital input code that should produce zero potential 
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output and adjust the offset potentiometer for zero 
output. 

For bipolar (COB, CTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage. The COB model is internally connected 
for a 20 V FSR range where the maximum negative output 
voltage is-lOV. SeeTable II for corresponding codes and 
the Connection Diagram for offset adjustment connec- 
tions. Offset adjust should be made prior to gain adjust. 


TABLE II. Digital Input and Analog Output 
Relationships. 


DIGITAL INPUT CODE 

OUTPUT CODE | 

VOLTAGE 

CURRENT 

16-Bit 

Resolution 

14-Bit 

Resolution 

16-Bit 

Resolution 

14-Bit 

Resolution 

Complementary Unipolar 
Straight Binary CSB 

0 to +10V or 0 to -2mA* 

One LSB 

All Bits ON 00. 00 

All Bis OFF 11. 11 

-153mV 
+9. 99985V 
Zero 

+61 0*1 V 
-9 99939V 
Zero 

0.031m A 
-1 99997mA 
Zero 

0 122mA 

-1 99988mA 
Zero 

Complementary Bipolar 
Oltset Binary COB 
±10V or ±1mA" 

One LSB 

All Bits ON 00. .00 

All Bits OFF 11.11 

+305mV 
-*-9. 99969V 
-10.0000V 

-1.22mV 

+9. 99878V 

-10 0000V 

0031mA 
-0 99997mA 
-1 0000mA 

0122mA 
-0 99988mA 
-1 0000mA 

Complementary Binary 
Coded Decimal CCD 

0 to +10V or 0 to -1 ,25mA 
One LSB 

Full Scale 0110. 0110 

All Bits OFF 11111111 

4-Digit 

Resolution 

N/A 

4-Digit 

Resolution 

N/A 

-I.OmV 
-9 999V 
Zero 

0 125mA 
-1 24987mA 
Zero 


* T o obtain values for other binary CBI ranges: 0 to -5V range, divide 0 to 
+ 10V range by 2; -5V range, divide 1 10V range by 2: t2 5V range, divide -10V 
range by 4. 


GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table 11 for positive full 
scale voltages and the Connection Diagram for gain 
adjustment connections. 


INSTALLATION 

CONSIDERATIONS 

The DAC71 is laser-trimmed to 14-bit linearity. The 
design of the device makes the 16-bit resolution available 
on binary units'. If 16-bit resolution is not required, bit 1 5 
(pin 15) and bit 16 (pin 16) should be connected to 
T5VDC through a single IkH resistor. 

Due to the extremely-high resolution and linearity of the 
DAC71, system design problems such as grounding and 
contact resistance become very important. For a 16-bit 
converter with a +I0V full scale range, 1 LSB is 153/uV. 
With a load current of 5mA, series wiring and connector 
resistance of only 30m(l, the output will be in error by 
1LSB. To understand what this means in terms of a 
system layout, the impedance of #23 wire is about 
0.02 1(1/ ft. Neglecting contact resistance, less than 6 
inches of wire will produce a 1LSB error in the analog 


output voltage! Although the problems involved seem 
enormous, care in the installation planning can minimize 
the potential causes of error. 

Figure 7 shows the connection diagram for a voltage 
output DAC71. Lead and contact resistances are rep- 
resented by Ri through R 5 . As long as the load resistance 
(Rl) is constant. R 2 simply introduces a gain error than 
can be removed during initial calibration. R 3 is part of Rl 
if the output voltage is sensed at Common (pin 20) and 
therefore introduces no error. If Rl is variable then R 2 
should be less than RLmin/2 16 to reduce voltage drops due 
to wiring to less than 1 LSB. For example, if RLmm is 5kH 
then R 2 should be less than 0.08H. R L should be located as 
close as possible to the DAC7 1 for optimum performance. 


DAC71-CSB-V 



FIGURE 7. Output Circuit for Voltage Models. 

Figures 8 and 9 show two methods of connecting current 
model DAC7 1 s with external precision output op amps. 
By sensing the output voltage at the load resistor (i.e., by 
connecting Rf to the output of A 1 at Ri ) the effect of Ri 
and R: is greatly reduced. Ri will cause a gain error but is 
independent of the value of Ri and can be eliminated 
during initial calibration. The effect of R: is negligible 
because it is inside the feedback loop of the output op amp 
and is therefore greatly reduced by the loop gain. If the 
output cannot be sensed at Common (pin 20), then the 
differential output circuit shown in Figure 9 is recom- 
mended. In this circuit the output voltage is sensed at the 
load common and not at the DAC common as in the 
previous circuits. The value of Rb and R7 must be 
adjusted for maximum common-mode rejection at Ri . 
Note that if Ri is negligible the circuit *of Figure 9 can be 
reduced to the one shown in Figure 8 because Ru = (R- + 
Rs) || R6. In all three circuits the effect of R 4 is negligible. 
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FIGURE 8. Preferred External Op Amp Configuration. 



FIGURE 9. Differential Sensing Output Op 
Amp Configuration. 


The DAC71 and the wiring to its connectors should be 
located to provide optimum isolation from sources of 
RFI and EMI. The key word in elimination of RF 
radiation or pickup is loop area. Therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor 
are wired close together they present a small flux-capture 
cross section forany external field. This reduces radiation 
pickup in the circuit. 

NOTE: It is recommended that the digital input lines of 
the DAC71 be driven from inverters or buffers of TTL 
input registers to obtain specified accuracy. 


DRIVING A RESISTIVE LOAD UNIPOLAR 

A load resistance, Ri , with the current output model 
connected as shown in Figure 10, will generate a voltage 
range. Von , determined by: 

Von = -2mA[(15kft x R,.)/(15kfl+ Ri.)] 

Where Ri max = 1.36kfl 
and Von max = -2.5V 



FIGURE 10. Equivalent Circuit DAC71-CSB-I 

Connected for Unipolar Voltage Output 
with Resistive Load. 


Add an external low T.C. «10ppm/°C) resistor ( Ri.') as 
shown in Figure 1 1 to obtain a 0 to -2V full scale output 
voltage range for CCD input codes. 



FIGURE 1 1. DAC71-CCD-I Connected for Voltage 
Output with Resistive Load. 
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Vour = -1.25mA[(15.6kft x R L )/(15.6kn + R L )] 
Where Rl max = 1.79kH 
and Vout max = -2.01 V 

DRIVING A RESISTIVE LOAD BIPOLAR 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12. Vout is determined by: 

Vout = ± 1 m A[(4.44kO x Rl)/ ( 4.44kH + Rl)] 
Where Rl max = 5.72kH 
and Vout max = ±2.5V 



FIGURE 12. DAC71-COB-I Connected for Bipolar 
Output Voltage with Resistive Load. 


APPLICATIONS 

DRIVING AN EXTERNAL OP AMP WITH CURRENT 
OUTPUT DAC 

The DAC71-(CSB, COB, CCD)-I are current output 
devices and will drive the summing junction of an op amp 
to produce an output voltage (see Figure 1 3). The op amp 
output voltage is: 

Vout =: -lour Rf 

where Iout is the DAC71 output current and Rf is the 
feedback resistor. Use of the internal feedback resistor 
(pin 17) is required to obtain specified gain accuracy and 
low gain drift. 



FIGURE 13. External Op Amp Using Internal 
Feedback Resistors. 


The DAC71 can be scaled for any desired voltage range 
with an external feedback resistor, but at the expense of 
increased drifts of up to ±25ppm/°C. The resistors in the 
DAC71 are chosen for ratio tracking of ±lppm/°C and 
not absolute TCR (which may be as highat±25ppm/°C.) 
An alternative method of scaling the output voltage of the 
DAC71 and preserving the low gain drift is shown in 
Figure 14. 



FIGURE 14. External Op Amp Using Internal and 

External Feedback Resistors to Maintain 
Low Gain Drift. 


OUTPUTS LARGER THAN 20-VOLT RANGE 

For output voltage ranges larger than ±10V, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Iout values of ±lmA for bipolar 
voltage ranges and -2mA for unipolar voltage ranges (see 
Figure 15). Use protection diodes when a high voltage op 
amp is used. 



FIGURE 15. External Op Amp Using External 
Feedback Resistors. 


COMPUTING TOTAL 
ACCURACY OVER 
TEMPERATURE 

The accuracy drift with temperature of a DAC7 1 consists 
of three primary components: gain drift, unipolar or 
bipolar offset drift, and linearity drift. To obtain the 
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worst-case accuracy drift, most users would assume that 
all drift errors are random and would simply add them 
algebraically. However, the worst-case accuracy drift for a 
DAC71 operating in the bipolar mode is about one-half 
of the algebraic sum of the individual drift errors. 

To explain this fact, it is necessary to consider the 
unipolar and bipolar modes of operation separately. 

In the unipolar mode of operation, offset drift (±lppm/ 
°C) is due primarily to voltage offset drift of the output op 
amp and, to a lesser extent, to the leakage current through 
the quad current switches. Gairsdrift consists of several 
components: 1) ±5ppm/°C due to ratio drift of current 
switch V»i: to the reference transistor, 2)±10ppm/°C due 
to the zener reference and, 3) ±2ppm/°C linearity drift 
due to ratio drift of current weighting resistors and V»e of 
the quad current switches. The sum of these three 
components, ±17ppm/°C, is the maximum gain drift. 
Because the parameters described could all drift in the 
same direction, the worst-case accuracy drift in the 
unipolar mode is simply the sum of the components, or 
±l8ppm/°C. 

In the bipolar mode the major portion of gain drift is due 
to the zener reference. The gain and offset drifts caused by 
reference drift are always in opposite directions. 
Therefore, the accuracy drift will be the difference rather 
than the sum of these drifts. 

First, consider the effect of reference variations on offset 
drift. Figure 16 shows a simplified circuit diagram of a 
DAC71-COB-V with all bits off. The current switch 
leakage current is negligible, so 

V-ru.i. sc ai.i: = (-Rf/ Rbpo) • Vrf.F 

= (-10kn/6.3kn) . 6.3V = -10V 



FIGURE 16. Simplified Diagram of DAC7I-COB-V 
with “All Bits Off” (±10V Range). 

This equation shows that if V K i:i increases, the output 
voltage will decrease and vice versa. If the Vref drift is 
+ 10ppm/°C, this equivalent to (+ 10ppm/°C) x (+6.3 V) = 
+63juV/°C. This will result in a voltage drift at the 
amplifier output of 

AV-fs/ AT — -(Rf / Rbpo) • (A Vrf.f/ AT) 

= -( 10kft/6.3kft). (63 m V/°C) = -lOOjuVfC. 


Since the DAC71-COB-V is operating in the±10V range 
this equivalent to (-100/iV/ w C) + (20V range) = -5ppm of 
FSR/°C. 

Now consider the effect of reference changes on gain drift. 
When all of the bits are turned on it can be shown that: 

AV+fuu. scale /AT = +(Rf/ Rbpo)* (AVref / AT) 

= +( 10kn/6.3kn). (63/iV/°C) = +100 mV/°C. 

and (+100/xV/°C) 20V Range = +5ppm/°C of FSR. 
This result indicates that the drift of the minus full scale 
voltage will be equal in magnitude to, and in the opposite 
direction of, the drift of the plus full scale voltage and that 
zener reference variations have virtually no effect on the 
zero point (see Figure 17). This equation also indicates 
that the gain drift is equal to the Vref drift in ppm/‘’C, 
and the magnitude of the minus full scale drift and plus 
full scale drift is equal to one-half of the Vref drift. 



FIGURE 17. (a) Effect of a Positive Reference Drift on 
the Ideal D/ A Transfer Function; (b) Error 
Distribution Due to Reference Voltage 
Drift in a DAC71. 

Using this relationship, the worst-case accuracy drift fora 
DAC7I-COB-V can be computed. The maximum TCR 
of the zener reference is ilOppm, °C. The gain drift due to 
the reference then is also ±10ppm/ °C. The full scale drift 
and bipolar offset drift are each half that amount or 
±5ppm/°C. The maximum gain and offset drifts of the 
DAC7 1 , exclusive of the reference, are ±5 and ±3ppm; ’C 
respectively. Adding this to the full scale drift due to the 
reference plus the linearity drift of ±2ppm/°C gives a 
worst-case total accuracy drift of ±15ppm/°C. (Random 
drifts, which these are, can be in the same direction so they 
add directly.) This is much less than the total drift 
obtained by simply adding the maximum gain, bipolar 
offset, and linearity drifts (±27ppm ’C). The maximum 
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zero point drift is equal to one-half of the gain drift 
exclusive of the reference plus the offset drift exclusive of 
the reference, or ±5.5ppm of FSR/°C. 

The DAC7 1 is specified over a 0 U C to ±70°C temperature 
range giving a maximum excursion from room tem- 
perature (+25°C) of45°C. Assuming that gain and offset 
errors have been adjusted to zero at room temperature, 
total worst-case accuracy error 
= Linearity error + Accuracy drift x AT 
= ±0.003% + ±15ppm/°C (45°) (100) 

= ±0.07% 

total worst-case bipolar zero point error 
= Bipolar zero drift x AT 
= ±5.5ppm of FSR% (45°C) (100) 

= ±0.025% 


ORDERING INFORMATION 


| MODEL 

INPUT CODE | 

| CURRENT MODELS | 

DAC71 -COB-1 
DAC71-CSB-I 
DAC71-CCD-I 

Complementary Offset Binary 
Complementary Straight Binary 
Complementary Coded Decimal 

| VOLTAGE MODELS | 

DAC71-COB-V 

DAC71-CSB-V 

DAC71-CCD-V 

Complementary Offset Binary 
Complementary Straight Binary 
Complementary Coded Decimal 
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High Resolution 

16 -BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 16-BIT, 4-DIGIT RESOLUTION 

• ±0.003% MAXIMUM NONLINEARITY 

• LOW DRIFT ±5ppm/°C, TYPICAL 

• AVAILABLE IN TWO TEMPERATURE RANGES: 

0°C to +70°C 
-25°C to +85°C 

• CURRENT AND VOLTAGE MODELS 

• LOW COST 

• METAL HERMETIC PACKAGE 



DESCRIPTION 

The DAC72 is a high quality 16-bit hybrid 1C D/ A 
converter in a 24-pin dual-in-line metal package. 
The DAC72C with internal reference and optional 
output amplifier offers a maximum linearity error of 
±0.003% of FSR at room temperature and a 
maximum gain drift of ±15ppm/°C over a tem- 
perature range of 0°C to +70°C. The DAC72 offers a 
maximum linearity error of ±0.003% of FSR at room 
temperature and a gain drift of ±7ppm/°C from 
+25°C to +85°C and ± 1 5ppm/ °C from -25°C to +25°C. 
Three basic models accept complementary 16-bit 
binary or complementary 4-digit BCD TTL- 
compatible input codes. 

Packaged within the DAC72 are fast-settling switches 
and stable laser-trimmed thin-film resistors that let 
you select output voltages 0 to +10V (CSB and CCD) 
or±10V (COB)and output currents of±lmAor0to 
-2mA. Input power is ±15VDC and +5VDC. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 


Typical at Ta = +25°C and rated power supplies unless otherwise noted. 


MODEL 

DAC72C 

DAC72 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

| INPUT j 

DIGITAL INPUT 








Resolution, CCD 


4 



4 


Digits 

CSB, COB 


16 



16 


Bits 

Logic Levels 'TTL-Compatibled) 








Logical “1" <at ±40 mA 

±2.4 


±5.5 

±2.4 


±5.5 

VDC 

Logical “0" i at -1.6mA' 

0 


±0.4 

0 


±0.4 

VDC 

| TRANSFER CHARACTERISTICS | 

ACCURACY 








Linearity Error at 25°C, CCD 



±0.005 



±0.005 

% of FSR(2) 

COB, CSB 



±0.003 



±0.003 

% of FSR 

Gain Error(3), Voltage 


±0.05 

±0.15 


±0.05 

±0.15 

% 

Current 


±0.05 

±0.25 


±0.05 

±0.25 

% 

Offset ErrorO), Voltage, Unipolar 


±0.1 

±2 


±0.1 

±2 

mV 

Voltage, Bipolar 



■ ±10 



±10 

mV 

Current, Unipolar 



±1 



±1 

mA 

Current, Bipolar 



±5 



±5 

mA 

Monotonicity Temp. Range < 14-bits ' 

0 


±50 

0 


±70 

°C 

DRIFT Over specified temp, range' 








Total Bipolar Drift < includes gain, offset, 








and linearity drift >(4), Voltage ' hot/cold >(5) 


±7 

±15 


±5 

±1 1/±19 

ppm of FSR/°C 

Current 


±15 

±50 


±10 

±40 

ppm of FSR/°C 

Total Error over Temp. Ranged) 








Voltage, Unipolar i hot/cold (5) 



±0.083 



±0.072/±0.10 

% of FSR 

Bipolar i hot/cold >(5) 



±0.071 



±0.072/±0.10 

% of FSR 

Current, Unipolar 



±0.23 



±0.24 

% of FSR 

Bipolar 



±0.23 



±0.24 

% of FSR 

Gain, Voltage ( hot/cold >(&) 



±15 


±5 

±7/±15 

ppm/°C 

Current 



±45 



±35 

ppm/°C 

Offset 








Voltage, Unipolar 


±1 

±2 


±1 

±2 

ppm of FSR/°C 

Bipolar 



±10 



±8 

ppm of FSR/°C 

Current, Unipolar 



±1 



±1 

ppm of FSR/°C 

Bipolar 



±40 



±35 

ppm of FSR/°C 

Differential Linearity over Temperature 



±2 



±1 

ppm of FSR/°C 

Linearity Error over Temperature 



±2 



±1 

ppm of FSR/°C 

SETTLING TIME 








Voltage Models ( to ±0.003% of FSR > 








Output: 20V Step 


5 

10 


5 

10 

Msec 

1 LSB Step! 7) 


3 

5 


3 

5 

Msec 

Slew Rate 


20 



20 


V/Msec 

Current Models i to ±0.003% of FSR 








Output: 2mA step 1011 to lOOfl Load 



1 



1 

Msec 

1 kfl Load 



3 

j 


3 

Msec 

Switching Transient 


500 


■ 

500 


mV 

| OUTPUT | 

ANALOG OUTPUT 








Voltage Models 








Ranges - CSB, CCD 


0 to ±10 



0 to ±10 


V 

COB 


±10 



±10 


V 

Output Current 

±5 



±5 



mA 

Output Impedance DC 


0.05 



0.05 


n 

Short Circuit Duration 

Indefinite to Common 

Indefinite to Common 


Current Models 








Ranges - CSB, CCD 


0 to -2 



Oto -2 


mA 

COB 


±1 



±1 


mA 

Output Impedance - Unipolar 


15 



15 


Ml 

Bipolar 


4.4 



4.4 


Ml 

Compliance 


±2.5 



±2.5 


V 

INTERNAL REFERENCE VOLTAGE 

6.0 

6.3 

6.6 

6.0 

6.3 

6.6 

V 

Maximum External Currents) 



±200 



±200 

mA 

Temp. Coeff. of Drift 



±10 



±5 

ppm/°C 


6-120 






MODEL 

DAC72C 

DAC72 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY SENSITIVITY 








Unipolar Offset 

. 







+15VDC 


±0.0001 



±0.0001 


% of FSR/% Vs 

+15VDC 

Bipolar Offset 


±0.0001 



±0.0001 


% of FSR/% Vs 

±15VDC 


±0.0004 



±0.0004 


% of FSR/% Vs 

+5VDC 


±0.0001 



±0.0001 


% of FSR/% Vs 

Gain 








±15VDC 


±0.001 



±0.001 


% of FSR/% Vs 

+5VDC 


±0.0005 



±0.0005 


% of FSR/% Vs 

POWER SUPPLY REQUIREMENTS 








Voltage 

±14.5, +4.75 

±15, +5 

±15.5, +5.25 

±14.5, +4.75 

±15, +5 

±15.5, +5.25 

VDC 

Supply Drain, ±15VDC (no load) 


±25 

±35 


±25 

±35 

mA 

+5VDC (logic supply) 


+20 

+35 


±20 

+35 

mA 

TEMPERATURE RANGE 








Specification 

0 


+70 

-25 


+85 

°C 

Operating (double above Drift Specs) 

-25 


+85 

-55 


+100 

°C 

Storage 

-55 


+100 

-55 


+110 

°C 


NOTES: 

1 . Adding external CMOS hex buffers CD4009A will provide 1 5VDC CMOS input compatibility. The percent change in output ( A Vo 
as logic Ovaries from 0.0V to 0.4V and (logic 1 changes from +2.4V to +5.0V on all inputs is less than 0.006% of FSR. 

2. FSR means Full Scale Range and is 20V for±10V range, 10V for±5V range, etc. 

3. Adjustable to zero with external trim potentiometer. 

4. See “Computing Total Accuracy over Temperature”. 

5. Hot = +25° C to +85°C; Cold = -25°C to +25°C for DAC72. 

6. With gain and offset errors adjusted to zero at 25°C. 

7. LSB is for 14-bit resolution. 

8. Maximum with no degradation of specifications. 



MECHAN 

m a • 

ICAL 

NOTE: 

Leads in true 
position within. 010" 
(.25mmi R at MMC at 

t 

B 

i 


Denotes pin 1 

r 

L 


in 

f 1 

f 1 



JITTTTTTTTTT 1 T 

-jjr H —I *- 0 1— s-J 



rin numoers snown 

L 

-oooooooooooo, 

24 13 

oooooooooooo 

for reference only. 
Numbers may not be 
marked on package. 

■ 


BKISISHI 

wmmEm 


U2Q2I 

BSSE9I 

MiSQSH 

KSESS 


A 



ESI 

Eaza 


B 

.790 

.810 

20.07 



C 

.170 

.250 

4.32 

HSSI 


D 

.016 

.021 

0.41 

0.53 

G 

.100 BASIC j 

2.54 BASIC 

H 

.125 

.150 

3.18 

3.81 

K 

.150 

.300 

3.81 

7.62 

L 

.600 BASIC 

15.24 BASIC 

R 

.080 | .110 

2.03 | 2.79 

CASE: Nickel Plated Steel 

MATING CONNECTOR:245MC 

WEIGHT: 8.4 grams (0.3 oz.) 

HERMETICITY: Conforms to method 1014 Condition C 

Step 1 (fluorocarbon) of MIL-STD-883 (gross leak). 


CONNECTION DIAGRAM 



*Rf = 5kn (CSB), lOkll (COB), 8kH (CCD). 
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PIN ASSIGNMENTS 

Pin 


1 Models 

No. 

V Models 

(MSB) Bit 1 

1 

Bit 1 (MSB) 

Bit 2 

2 

Bit 2 

Bit 3 

3 

Bit 3 

Bit 4 

4 

Bit 4 

Bit 5 

5 

Bit 5 

Bit 6 

6 

Bit 6 

Bit 7 

7 

Bit 7 

Bit 8 

8 

Bit 8 

Bit 9 

9 

Bit 9 

Bit 10 

10 

Bit 10 

Bit 11 

11 

Bit 11 

Bit 12 

12 

Bit 12 

Bit 13 

13 

Bit 13 

Bit 14 

14 

Bit 14 

Bit 15 

15 

Bit 15 

(LSB) Bit 16 

16 

Bit 16 (LSB) 

Rf 

17 

VOUT 

+5VDC 

18 

+5VDC 

-15VDC 

19 

-15VDC 

COMMON 

20 

COMMON 

lOUT 

21 

SUMMING JUNCTION 

GAIN ADJUST 

22 

GAIN ADJUST 

+15VDC 

23 

+15VDC 

6.3V REF. OUT 

24 

6.3V REF. OUT 


DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The D AC72 accepts complementary digital input codes in 
either binary (CSB, COB) or decimal (CCD) format. The 
COB model may be connected by the user for either 
complementary offset binary (COB) or complementary 
two’s complement (CTC) codes (see Table I). 


TABLE I. Digital Input Codes. 


DIGITAL INPUT CODES 1 



CSB 

COB 

, CTC* 





Compl. 

O 


Compl. 

Compl. 

Two's 

O 


Straight 

Offset 

Comple- 

00 

MSB LSB 

Binary 

Binary 

ment 

O 

o 

All bits ON 0000. . 000 

+Full Scale 

+Full Scale 

-1LSB 


Mid Scale 0111... Ill 

+1/2 Full Scale 

Zero 

-Full Scale 

n 

All bits OFF 1111. ..Ill 

Zero 

-Full Scale 

Zero 


1000... 000 

Mid Scale -1 LSB 

-1LSB 

+Full Scale 



CCD 

"Invert the 

(O 




MSB of the 

UJ 

Q 


■ Complementary Coded 

COB code 

O 


Decimal 

4 Digits 

with an 

5 





O 

O 

F.S. bits ON 01 10 ...01 10 

+Full Scale 

inverter to 

o 

All Bits OFF 1111. .1111 

Zero 

obtain CTC 





code. 


ACCURACY 

LINEARITY 

This specification describes one of the truest measures of 
D/A converter accuracy. As defined it means that the 
analog output will not vary by more than ±0.003% max 
(CSB, COB) or ±0.005% max (CCD) from a straight line 
drawn through the end points (all bits ON and all bits 
OFF) at +25°C. 


DIFFERENTIAL LINEARITY 

Differential linearity error of a D/A converter is the 
deviation from an ideal 1LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can be anywhere from 1/2LSB to 
3/2LSB when the input changes from one adjacent input 
stage to the next. 

MONOTONICITY 

Monotonicity over 0°C to +50°C (DAC72C) and 0°C to 
+70°C (DAC72) is guaranteed. This insures that the 
analog output will increase or remain the same for 
increasing 14-bit input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (see Figure 1 ). Gain Drift is established by: 
1 ) testing the end point differences for each DAC72 model 
at +'25°C and the appropriate specification temperature 
extremes; 2) calculating the gain error with respect to the 
+25°C value; and 3) dividing by the temperature change. 
This is expressed in ppm/°C. 



FIGURE 1. Gain Drift Error (%) vs Temperature. 

Offset Drift is a measure of the actual change in output 
with all “l”s on the input over the specified temperature 
range. 

The maximum change in offset is referenced to the offset 
at +25°C and is divided by the temperature range. This 
drift is expressed in parts per million of full scale range per 
°C (ppm of FSR/°C). 

SETTLING TIME 

Settling time for each DAC72 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input (see Figure 2). 

VOLTAGE OUTPUT MODELS 

Settling times are specified to ±0.003% of FSR; one for 
maximum full scale range changes of 20V and one for a 
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0.1 1 10 100 
Settling Time i/nseci 


FIGURE 2. Full Scale Range Settling Time vs Accuracy. 

1 LS B change. The 1 LS B change is measured at the major 
carry (01 11... 11 to 1000. ..00), the point at which the 
worst-case settling time occurs. 

CURRENT OUTPUT MODELS 

Two settling times are specified to±0.0039f of FSR. Each 
is given for current models connected with two different 
resistive loads: 10(1 to 100(1 and 1000(1. 


COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the output of the current models while 
maintaining specified accuracy. The typical compliance 
voltage of all current output models is ±2.5V and 
maximum safe voltage swing permitted without damage 
is ±5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D / A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 3). 



Power Supply Ripple Frequency (Hz' 


FIGURE 3. Power Supply Rejection vs Power Supply 
Ripple Frequency. 


REFERENCE SUPPLY 

All DAC72 models are supplied with an internal +6.3V 


reference voltage supply. This reference voltage (pin 24) 
has a tolerance of ±59r and is connected internally for 
specified operation. The zener is selected for a Gain Drift 
of typically ±3 ppm "C and is burned-in fora total of 168 
hours for guaranteed reliability. This reference may also 
be used externally but the current drain is limited to 
200juA. An external buffer amplifier is recommended if 
the DAC72 internal reference is used externally in order 
to provide a constant load to the reference supply output. 


OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (1/uF 
tantalum or electrolytic recommended) should be located 
close to the DAC72. Electrolytic capacitors, if used, 
should be paralleled with 0.01/iF ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN 
ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these poten- 
tiometers as shown in the Connection Diagram and 
adjust as described below. TCR of the potentiometers 
should be lOOppm TC or less. The 3.9M(1 and 510k(l 
resistors (209c carbon or better) should be located close to 
the DAC72 to prevent noise pickup. If it is not convenient 
to use these high-value resistors, an equivalent “T” 
network, as shown in Figure 4, may be substituted in 
place of the 3.91VK1. A O.OOl^uF to 0.01/uF ceramic 



3.9MO 


180kn 180 kn 



O — o 

/A | ZA O 




Z 10kn 

JL 






FIGURE 4. Equivalent Resistances. 



FIGURE 5. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D A Converter. 
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capacitor should be connected from Gain Adjust (pin 22) 
to common to prevent noise pickup. Refer to Figures 5 
and 6 for relationship of offset and gain adjustments to 
unipolar and bipolar Dj A converters. 

If the full (absolute) accuracy capability of the DAC72 is 
required, recalibration of gain and offset every 2 months 
is recommended. 



FIGURE 6. Relationship of Offset and Gain Adjust- 
ments for a Bipolar D/ A Converter. 


OFFSET ADJUSTMENT 

For unipolar (CSB, CCD) configurations, apply the 
digital input code that should produce zero potential 
output and adjust the offset potentiometer for zero 
output. 

For bipolar (COB, CTC) configurations, apply thedigital 
input code that should produce the maximum negative 
output voltage. The COB model is internally connected 
for a 20V FSR range where the maximum negative output 
voltage is -10V. SeeTable II for corresponding codes and 
the Connection Diagram for offset adjustment connec- 
tions. Offset adjust should be made prior to gain adjust. 


TABLE II. Digital Input and Analog Output 
Relationships. 


DIGITAL INPUT CODE 

OUTPUT CODE 1 

VOLTAGE 

CURRENT ] 

16-Bit 

Resolution 

14-Bit 

Resolution 

16-Bit 

Resolution 

14-Bit 

Resolution 

Complementary Unipolar 
Straight Binary CSB 

0 to +10V orO to -2mA* 

One LSB 

All Bits ON 1 00... 00- 
All Bis OFF ill. ,.11 

+153,uV 
+9 99985V 
Zero 

+610/uV 
+9. 99939V 
Zero 

0.03 V A 
-1 99997 mA 
Zero 

0.122mA 

-1.99988mA 

Zero 

Complementary Bipolar 
Offset Binary COB 
±10V or ±1 mA* 

One LSB 

All Bits ON '00.. .00 

All Bits OFF ' 11.. .11 

+305mV 
+9. 99969V 
-10.0000V 

+1.22mV 

+9. 99878V 
-10.0000V 

0.03 V A 
-0.99997mA 
+1 ,0000mA 

0.122 m A 
-0.99988mA 
+ 1.0000m A 

Complementary Binary 
Coded Decimal > CCD 

0 to +10V or 0 to -1.25mA 
One LSB 

Full Scale '0110.. .0110 

All Bits OFF 1111. .1111 

4-Digit 

Resolution 

N/A 

4-Digit 

Resolution 

N/A 

+1.0mV 
+9. 999V 
Zero 

0.125/uA 

-1.24987mA 

Zero 


' To obtain values for other binary CBI ranges; 0 to +5V range, divideO to 
+10V range by 2; ±5V range, divide ±10V range by 2; ±2.5V range, divide ±10V 
range by 4. 


GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table II for positive full 
scale voltages and the Connection Diagram for gain 
adjustment connections. 

INSTALLATION 

CONSIDERATIONS 

The DAC72 is laser-trimmed to 14-bit linearity. The 
design of the device makes the 1 6-bit resolution available 
on binary units. If 1 6-bit resolution is not required, bit 1 5 
(pin 15) and bit 16 (pin 16) should be connected to 
T5VDC through a single lkO resistor. 

Due to the extremely-high resolution and linearity of the 
DAC72, system design problems such as grounding and 
contact resistance become very important. For a 16-bit 
converter with a +10V full scale range, 1LSB is 153/uV. 
With a load current of 5mA, series wiring and connector 
resistance of only 30mLl, the output will be in error by 
1LSB. To understand what this means in terms of a 
system layout, the impedance of #23 wire is about 
0.02 10/ ft. Neglecting contact resistance, less than 6 
inches of wire will produce a 1LSB error in the analog 
output voltage! Although the problems involved seem 
enormous, care in the installation planning can minimize 
the potential causes of error. 

Figure 7 shows the connection diagram for a voltage output 
DAC72. Lead and contact resistances are represented by 


DAC72-CSB-V 



R b = 3.9k n (CSB) 
R b = 5.1 kn (CCO) 


FIGURE 7. Output Circuit for Voltage Models. 
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Ri through R?. As long as the load resistance ( Ri ) is 
constant, R: simply introduces a gain error that can be 
removed during initial calibration. Ri is part of Ri if the 
output voltage is sensed at Common (pin 20) and 
therefore introduces no error. If Ri is variable then R 2 
should be less than 1 LSB. For example, if Ri.min is 5kH 
then R: should be less than0.08H. Ri. should be located as 
close as possible to the DAC72 for optimum performance. 

Figures 8 and 9 show two methods of connecting current 
model DAC72’s with external precision output op amps. 
By sensing the output voltage at the load resistor (i.e., by 
connecting Ri to the output of A1 at Ri.) the effect of Ri 
and R: is greatly reduced. Ri will cause a gain error but it 
is independent of the value of Ri. and can be eliminated 
during initial calibration. The effect of R: is negligible 
because it is inside the feedback loop of the output op amp 
and is therefore greatly reduced by the loop gain. If the 
output cannot be sensed at Common (pin 20), then the 
differential output circuit shown in Figure 9 is recom- 
mended. In this circuit the output voltage is sensed at the 
load common and not at the DAC common as in the 
previous curcuits. The value of R 6 and R7 must be 
adjusted for maximum common-mode rejection at Ri . 
Note that if R* is negligible the circuit of Figure 9 can be 
reduced to the one shown in Figure 8 because Rb = (R7 + 
R?) || Rf,. In all three circuits the effect of R4 is negligible. 


0AC72-CSB-I 



*Rg should be equal to the output 
impedance at Pin 21 to compensate 
for the bias current drift of A1. Use 
standard 10%. 1/4W carbon composition 
or equivalent resistors. 

R B = 3k n (COB) 

R B = 3.9k n (CSD) 

Rg = 5.1kn (CCD) 


FIGURE 8. Preferred External Op Amp Configuration. 



FIGURE 9. Differential Sensing Output Op 
Amp Configuration. 


The DAC72 and the wiring to its connectors should be 
located to provide optimum isolation from sources of 
RFI and EMI. The key word in elimination of RF 
radiation or pickup is loop area. Therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor 
are wired close together they present a small flux-capture 
cross section for any external field. This reduces radiation 
pickup in the circuit. The metal case of the DAC72 is 
internally connected to the common pin to further 
minimize pickup. The DAC72 is made of nickel plated 
steel which also provides some electromagnetic shielding. 


NOTE: It is recommended that the digital input lines of 
the DAC72 be driven from inverters or buffers of TTL 
input registers to obtain specified accuracy. 


DRIVING A RESISTIVE LOAD UNIPOLAR 

A load resistance, Ri . with the current output model 
connect as shown in Figure 10, will generate a voltage 
range. Von, determined by: 

Von = -2mA[(15kH x R,.) (15kH+ Ri )] 

Where Ri max = 1.36kfl 
and Von max = -2.5V 

Add an external low T.C. (<10ppm °C) resistor (Ri ) as 
shown in Figure 1 1 to obtain a 0 to -2V full scale output 
voltage range for CCD input codes. 

Von = 1.25mA [(15.6k(l x R, ) (15.6kH + Ri )] 
Where R, max - I.79kfl 
and V 01 1 max = -2.01V 
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APPLICATIONS 


Current controlled 



FIGURE 10. Equivalent Circuit DAC72-CSB-I 

Connected for Unipolar Voltage Output 
with Resistive Load. 



FIGURE 11. DAC72-CCD-I Connected for Voltage 
Output with Resistive Load. 


DRIVING A RESISTIVE LOAD BIPOLAR 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12. Von- is determined by: 


Von =±lmA [(4.44kH x R,.)/(4.44kft + R, )] 
Where Ri. max = 5.72kO 
and Von max = ±2.5V 



FIGURE 12. DAC72-COB-I Connected for Bipolar 
Output Voltage with Resistive Load. 


DRIVING AN EXTERNAL OP AMP WITH CURRENT 
OUTPUT DAC 

The DAC72-(CSB, COB, CCD)-I are current output 
devices and will drive the summing junction of an op amp 
to produce an output voltage (see Figure 13). The op amp 
output voltage is: 

Von = -Ion Ri 



FIGURE 13. External Op Amp Using Internal 
Feedback Resistors. 


Where Ion is the DAC72 output current and R» is the 
feedback resistor. Use of the internal feedback resistor 
(pin 17) is required to obtain specified gain accuracy and 
low gain drift. 

The DAC72 can be scaled for any desired voltage range 
with an external feedback resistor, but at the expense of 
increased drifts of up to ±25ppm/°C. The resistors in the 
DAC72 are chosen for ratio tracking of ±lppm/°C and 
not absolute TCR (which may be as high at±25ppm/°C.) 
An alternative method of scaling the output voltage of the 
DAC72 and preserving the low gain drift is shown in 
Figure 14. 



FIGURE 14. External Op Amp Using Internal and 

External Feedback Resistors to Maintain 
Low Gain Drift. 
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OUTPUTS LARGER THAN 20-VOLT RANGE 

For output voltage ranges larger than ±10V, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Ion values of ± 1mA for bipolar 
voltage ranges and -2mA for unipolar voltage ranges (see 
Figure 15). Use protection diodes when a high voltage op 
amp is used. 



FIGURE 15. External Op Amp Using External 
Feedback Resistors. 


COMPUTING TOTAL 
ACCURACY OVER 
TEMPERATURE 


The accuracy drift with temperature of a DAC72 consists 
of three primary components: gain drift, unipolar or 
bipolar offset drift, and linearity drift. To obtain the 
worst-case accuracy drift, most users would assume that 
all drift errors are random and would simply add them 
algebraically. However, the worst-caseaccuracy drift fora 
DAC72 operating in the bipolar mode is about one-half 
of the algebraic sum of the individual drift errors. 

To explain this fact, it is necessary to consider the 
unipolar and bipolar modes of operation separately. The 
following analysis is for the DAC72C although it applies 
to both models by simply substituting the proper temper- 
ature coefficients from the electrical specifications. 

In the unipolar mode of operation, offset drift (±Ippm/ 
°C) is due primarily to voltage offset drift of the output op 
amp and, to a lesser extent, to the leakage current through 
the quad current switches. Gain drift consists of several 
components: 1) ±5ppm/°C due to ratio drift of current 
switch Vbh to the reference transistor, 2) ±10ppm/°C due 
to the zener reference and, 3) ±2ppm/°C linearity drift 
due to ratio drift of current weighting resistors and Vbi of 
the quad current switches. The sum of these three 
components, ±17ppm/°C, is the maximum gain drift. 
Because the parameters described could all drift in the 
same direction, the worst-case accuracy drift in the 
unipolar mode is simply the sum of the components, or 
±18ppm/°C. 


In the bipolar mode the ma jor portion of gain drift is due 
to the zener reference. The gain and off set drifts caused by 
reference drift are always in opposite directions. 
T herefore, the accuracy drift will be the difference rather 
than the sum of these drifts. 

First, consider the effect of reference variations on offset 
drift. Figure 16 shows a simplified circuit diagram of a 
DAC72C-COB-V with all bits off. The current switch 
leakage current is negligible, so 

V— 1 1 u. sc \i i — ( - R i RmmO • V R | | 

= (-IOkn 6.3k(l) • 6.3V = -10V 



FIGURE 16. Simplified Diagram of DAC72C-COB-V 
with “All Bits Off”(±10V Range). 


This equation shows that if Vrh increases, the output 
voltage will decrease and vice versa. If the Vri.i drift is 
+ 10ppm/°C, this is equivalent to (+1 Oppm “C) x (-F6.3V) 
= +63V/°C. This will result in a voltage drift at the 
amplifier output of 

AV-fs, AT = -(Rf, Rbpo) •(AVr,;,. AT) 

= -(10k(l 6.3kH) • (63/zV °C) = -100 M V °C. 

Since the DAC72C-COB-V is operating in the ±I0V 
range this is equivalent to (- 1 00>u V °C) -f (20V range) = 
-5ppm of FSR C. 

Now consider the effect of reference changes on gain drift. 
When all of the bits are turned on it can be shown that: 

AV+i ri.i. scai.i: AT = +(Rp, Rbpo)* (AVrhf AT) 

= +( 10kn/6.3kfl) • (63/uV °C) = TIOO^V C 
and (+100juV/ °C) 20V Range = +5ppm,°C of. FSR. 
This result indicates that the drift of the minus full scale 
voltage will be equal in magnitude to, and in the 
oppposite direction of, the drift of the plus full scale 
voltage and that zener reference variations have virtually 
no effect on the zero point (see Figure 17). This equation 
also indicates that the gain drift is equal to the V R1 i drift 
in ppm, °C, and the magnitude of the minus full scale drift 
and plus full scale drift is equal to one-half of the V Rl i 
drift. 

U sing this relationship, the worst-case accuracy drift for a 
DAC72C-COB-V can becomputed. The maximum TCR 
of the zener reference is ± 1 Oppm, "C. The gain drift due to 
the reference then is also ± I Oppm °C. The full scale drift 
and bipolar offset drift are each half that amount or 
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FIGURE 17. (a) Effect of a Positive Reference Drift on 
the Ideal D/ A Transfer Function; (b) Error 
Distribution Due to Reference Voltage 
Drift in a DAC72. 


±5ppm/°C. The maximum gain and offset drifts of the 
DAC72C, exclusive of the reference, are ±5 and 
±3ppm/°C respectively. Adding this to the full scale drift 
due to the reference plus the linearity drift of ±2ppm/°C 
gives a worst-case total accuracy drift of ±15ppm/°C. 
(Random drifts, which these are can be in the same 
direction, so they add directly.) This is much less than the 
total drift obtained by simply adding the maximum gain, 
bipolar offset, and linearity drifts (±27ppm/°C). The 
maximum zero point drift is equal to one-half of the gain 
drift exclusive of the reference plus the offset drift 
exclusive of the reference, or ±5.5ppm of FSR/°C. 

The D AC72C is specified over a 0°C to +70°C temperature 
range giving a maximum excursion from room tem- 
perature (+25°C) of 45°C. Assuming that gain and offset 
errors have been adjusted to zero at room temperature, 

total worst-case accuracy error 
= Linearity error T Accuracy drift x AT 
= ±0.003% + ±15ppm/°C (45°) ( 100) 

= ±0.07% 

total worst-case bipolar zero point error 
Bipolar zero drift x AT 
= ±5ppm of FSR% (45°C) (100) 

= ±0.025% 


ORDERING INFORMATION 

MODEL 

TEMP RANGES 

PKG 

INPUT CODE 

! CURRENT MODELS | 

DAC72C-COB-I 

0°C to ±70° C 

Metal 

Compl. Offset Binary 

DAC72C-CSB-I 

0°C to ±70°C 

Metal 

Compl Straight Binary 

DAC72C-CCD-I 

0°C to ±70° C 

Metal 

Compl. Coded Decimal 

DAC72-COB-I 

-25° C to +85° C 

Metal 

Compl. Offset Binary 

DAC72-CSB-I 

-25° C to ±85° C 

Metal 

Compl. Straight Binary 

DAC72-CCD-I 

-25° C to +85° C 

Metal 

Compl. Coded Decimal 

| VOLTAGE MODELS j 

DAC72C-COB-V 

0°C to +70° C 

Metal 

Compl. Offset Binary 

DAC72C-CSB-V 

0°C to +70° C 

Metal 

Compl. Straight Binary 

DAC72C-CCD-V 

0°C to +70° C 

Metal 

Compl. Coded Decimal 

DAC72-COB-V 

-25° C to ±85° C 

Metal 

Compl. Offset Binary 

DAC72-CSB-V 

-25° C to +85° C 

Metal 

Compl. Straight Binary 

DAC72-CCD-V 

-25° C to +85° C 

Metal 

Compl. Coded Decimal 
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DAC73 

DAC736 


High Resolution 

16-BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 

• ±1/2LSB MAXIMUM NONLINEARITY 
» LOW DRIFT 

• CURRENT OR VOLTAGE OUTPUT 

• INTERNAL GAIN. OFFSET. AND 

LINEARITY ADJUSTMENT 

• LATCHED INPUTS (DAC73) 

• LOW COST 



DESCRIPTION 

The DAC73 is a 16-bit modular high performance 
digital-to-analog converter in a 2" x 4" x 0.4" 
(50.8mm x 101.6mm x 10.2mm) package. The low 
drift and ultra-high linearity of the DAC73 provide 
voltage or current output signals that are accurate to 
±0.00075% of full scale input range at 25°C ambient. 
The critical components including the current 
steering switches, the temperature-compensated 
zener reference, and the precision laser-trimmed bit 
resistor network are contained in a single ceramic 
hybrid package. 

The feedback and reference resistors are laid out for 
maximum stability with low current density and 
±10ppm/°C maximum temperature coefficient with 


±lppm/°C tracking. This insures very-low 
superposition errors and low temperature coefficient - 
of gain. 

The inputs are TTL-compatible CMOS and contain 
level triggered latches in an 8-bit format for 
microprocessor data bus compatibility. No external 
components are required to achieve full 16-bit 
accuracy. Gain and offset potentiometers are also 
included in the DAC73. 

The D AC736 has electrical specifications identical to 
the DAC73, but it is pin-compatible with the 
ADI 136. The input latches, bit adjust pins, ground 
sense pin, and internal offset adjust pot are not 
included. 



International Airport industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Ta = 25°C and rated power supplies unless otherwise noted. 



Resolution - CSB, COB 

Logic Levels (TTL-Compatible CMOS) 

Logical “1" (at +1.0/uA) 

Logical “0” (at -0.5mA) 

+3.5 

-0.5 

TRANSFER CHARACTERISTICS 

ACCURACY 

Linearity Error at 25°C 

Gain Error, (2) Voltage CSB 

COB 

Current 

Offset Error, (2) Voltage, Unipolar 

Bipolar 

Current, Unipolar 

Bipolar 

Monotonicity Temp. Range 16 Bits for K, 15 Bits for J 


DRIFT (Over specified temp, range) 




SETTLING TIME 


Voltage (to ±0.00075% of FSR) 
Output: 20V Step 

1 LSB Step(4) 

Slew Rate 

Current (to ±0.00075% of FSR) 
Output: 2mA Step 

COB Switching Transient Magnitude 
COB Switching Transient Energy 


OUTPUT 


ANALOG OUTPUT 



INTERNAL REFERENCE VOLTAGE 

5.990 

6.000 

Maximum External Current^) 

Temp. Coeff. 


±4 . 


■■■■ 

mmmm\ 

Current, COB 



0.1Hz to 10Hz 

10Hz to 100kHz 


i 

4 

Voltage, COB, ±10V Range 



0.1Hz to 10Hz 


10 

10Hz to 100kHz 


70 


±4 

+4 

±10 

mA 

ppm/°C 
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ELECTRICAL (CONT) 


MODEL 

STABILITY, LONG TERM 

Gain (Exclusive of reference) 

Offset COB (Exclusive of reference) 

CSB 

Linearity 

Reference 

POWER SUPPLY SENSITIVITY 

Unipolar Offset 
±15VDC 
+5VDC 

Bipolar Offset 
±15VDC 
+5VDC 

Gain 

±15VDC 

+5VDC 

POWER SUPPLY REQUIREMENTS 

Rated Voltage 

Range 

Supply Drain, ±15VDC no load 

+5VDC ' logic supply 

TEMPERATURE RANGE 

Specification 

Storage 



NOTES: 

1. FSR means Full Scale Range and is 20V for ±10V range, 10V for ±5V range, etc. 

2. Adjustable to zero with internal trim potentiometer (offset adjustment external on DAC736). 

3. With gain and offset errors adjusted to zero at 25°C. 

MECHANICAL 


.4. LSB is for 16-bit resolution. 

5. Maximum with no degradation of specifications. 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC73/736 accepts complementary digital input 
codes in CSB or COB format. The COB model may be 
connected by the user for either complementary offset 
binary (COB) or complementary two’s complement 
(CTC) codes (see Table I). 


TABLE I. Digital Input Codes. 


| DIGITAL INPUT CODES 



CSB 

COB 

CTC* 

2 

w 




Compl. 

Q 


Compl. 

Compl. 

Two’s 

2 

MSB LSB 

Straight 

Offset 

Comple- 

CO 

O 

| | 

Binary 

Binary 

ment 

u 

All bits ON 0000... 000 

+Full Scale 

+Full Scale 

-1LSB 

cd 

V2 

Mid Scale 01 11.. .111 

+1/2 Full Scale 

Zero 

-Full Sca|e 

U 

All Bits OFF 1111. ..Ill 

Zero 

-Full Scale 

Zero 


1000... 000 

Mid Scale-1 LSB 

-1LSB 

+Full Scale 


♦Invert the MSB of the COB code with an external inverter to obtain CTC code. 


INPUTS 

Each bit input of the DAC73 consists of a buffered 
CMOS D type latch (see Figure 1). Bits 1 (MSB) through 
8 are latched by a low level on pin 6. Bits 9 through 16 
(LSB) are latched by a low level on pin 21. The latch 
inputs may be left open for transparent transfer of data. 



FIGURE 1. DAC73 Input. 


6-132 












The DAC736 inputs are CMOS inverters with lOkfl pull- 
up resistors (see Figure 2). 



The DAC73 and DAC736 can be driven directly by open 
collector or totem pole TTL logic. 

ACCURACY 

Linearity 

This specification describes one of the truest measures of 
D/A converter accuracy. As defined it means that the 
analog output will not vary by more than ±0.00075% 
max (CSB, COB) from a straight line drawn through the 
end points (all bits ON and all bits OFF) at +25°C (see 
Figure 3). 



FIGURE 3. Nonlinearity vs Temperature. 

Differential Linearity 

Differential linearity error of a D/A converter is the 
deviation from an ideal 1LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means than the output- 
voltage step sizes can be anywhere from 1/2LSB to 
3/2LSB when the input changes from one adjacent input 
stage to the next. 

Monotonicity 

Monotonicity over a ±5°C range for the DAC73 and 
DAC736 is guaranteed when ambient linearity is 
calibrated. This insures that the analog output will 
increase or remain the same for increasing 16-bit input 
digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in LSB’s per°C 
(see Figure 4). Gain Drift is established by: 1) testing the 


end point differences for each DAC73 model at+25°C 
and the appropriate specification temperature extremes; 
2) calculating the gain error with respect to the +25°C 
value; and 3) dividing by the temperature change. This is 
expressed in ppm/°C- 

Offset Drift is a measure of the actual change in output 
with all “l”s on the input over the specified temperature 
range. 

The maximum change in offset is referenced to the offset 
at +25°C and is divided by the temperature range. This 
drift is expressed in parts per million of full scale range 
per °C (ppm of FSR/°C). 



FIGURE 4. Gain Drift Error (%) vs Temperature. 

SETTLING TIME 

Settling time for each DAC73/ 736 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input (see Figure 5). 



1 3 10 30 100 

Settling Time ( M sec) 

FIGURE 5. Full Scale Range Settling Time vs Accuracy. 

Settling times are specified to ±0.00075% of FSR; one for 
maximum full scale range changes of 20V and one for a 
1 LSB change. The 1 LSB change is measured at the major 
carry (01 1 1...1 1 to 1000. ..00), the point at which the worst 
case settling time occurs. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output while maintaining 
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specified accuracy. The maximum compliance voltage is could be switched in by relays to null bipolar gain and 

-1.5V to +10V. offset. An alternate offset adjustment is shown on the 

DAC736 connection diagram. 


POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a percent of FSR per .percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 6). 


1000 


-i 

| 100 

/i 

o 

E 

Q. 

a 10 

A£ 

CL 


) 10 100 Ik 10k 100k 

Frequency (Hz) 

FIGURE 6. Power Supply Rejection vs Power Supply 
Ripple Frequency. 

REFERENCE SUPPLY 

All models are supplied with an internal +6V reference 
voltage supply. This reference voltage (pin 52) has a 
tolerance of ±0.05% and is connected internally for 
specified operation. The zener is selected for a Gain Drift 
of typically ±4ppm/°C and is burned-in for a total of 48 
hours for guaranteed reliability. This reference may also 
be used externally but the current drain is limited to 4mA 
and constant load conditions. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection the 
DAC73/736 decoupling capacitors are included 
internally. Refer to Figure 13 for correct grounding 
connections. 

OFFSET AND GAIN ADJUSTMENT 

Before taking measurements or making adjustments, the 
DAC73/736 should be warmed up for at least 25 minutes. 
The DAC73 has internal gain and offset potentiometers 
that are connected to an internal regulated supply. In 
most applications no external adjustment will be 
required. 

External offset and gain adjustment of the DAC736, or 
DAC73 if the application requires, maybe accomplished 
as shown in Figures 7 and 8. These external circuits could 
be used in an application using both unipolar and bipolar 
modes. Refer to Figures 9 and 1 0 for relationship of offset 
and gain adjustments to unipolar and bipolar D/A 
converters. The internal potentiometers could be used to 
null the unipolar gain and offset, and the external null 






FIGURE 9. Relationship of Offset and Gain Adjust- 
ments for a Bipolar Dj A Converter. 



FIGURE 10. Relationship of Offset and Gain Adjust- 


ments for a Unipolar D/A Converter. 
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LINEARITY ADJUSTMENT 
Internal 

If it becomes necessary to adjust the linearity of the 
DAC73 or DAC736 after an extended time period or for 
operation under temperature extremes, the4MSB’s may 
be user-adjusted. For optimum operation the unit should 
be calibrated in its operating environment. Calibration 
is performed by a differential linearity adjustment at the 
first four major carries. This method of calibration is 
possible since the DAC73 and DAC736 have almost no 
superposition error. The calibration procedure including 
gain, offset, and linearity adjustment is outlined in Table 
III. Steps 1 and 10 may be omitted for linearity 
adjustment only. 

External (DAC73 only) 

The linearity adjustment of the first 4MSB’s of the 
DAC73 may be accomplished externally either with 
potentiometers or with D/ A converters. Using a DAC to 
adjust linearity will allow computer controlled accuracy 
adjustments of the DAC thus giving the capability of 
maintaining 16-bit accuracy over all environmental 
variations. Gain and offset may also be adjusted in this 
manner. 

Eight-bit bipolar voltage output DAC’s can be used for 
all of the adjustments. Each circuit is shown in Figure 12. 

INSTALLATION CONSIDERATIONS 

To maintain the extremely-high accuracy of the DAC73 
and DAC736 when installed in a system environment, 
careful attention must be paid to grounding and to 
connection resistances. Figures 13 and 14 are examples of 
correct connection configurations to yield maximum 
accuracy. The effects of various wiring and contact 
resistances Ri, R2, R3, and R4 are reduced or eliminated 
as follows. 

Ri appears in series with the feedback resistance and 
therefore introduces only a gain error that can be nulled 
during calibration. 

R: is inside the output amplifier feedback loop and its 
effect will be reduced by the loop gain. 

In Figure 1 3 for the DAC736, R3 is in series with the load 


STEP 

HEX 

INPUT 

CODE 

ADJUST 

POTENTIOMETERS 

DVM READING 

DESCRIPTION 

UNIPOLAR 

MODE 

±10 VOLT 
BIPOLAR MODE 

1 

FFFF 

R V6 (2) 

0.0V 

-10.0000V 

Null Offset 

2 

F000 

N/A 

V 4 

V 4 

Read Output Voltage 

3 

EFFF 

R V4 

V 4 + 153/xV 

V 4 + 305/uV 

Adjust R V4 until DVM reads V 4 + 1LSB 

4 

E000 

N/A 

V 3 

V 3 

Read Output Voltage 

5 

DFFF 

R V3 

V 3 + 153 M V 

V 3 + 305 M V 

Adjust R V3 until DVM reads V 3 + 1LSB 

6 

cooo 

N/A 

V 2 

V 2 

Read Output Voltage 

7 

BFFF 

R V2 

V 2 + 1S3 m V 

V 2 + 305 m V 

Adjust R V2 until DVM reads V 2 + 1LSB 

8 

8000 

N/A 

V 1 

V 1 

Read Output Voltage 

9 

7FFF 

R V1 

v 1 + 153/uV 

V 1 + 305/uV 

Adjust R V1 until DVM reads V-, + 1LSB 

10 

0000 

R V5 

+9.999847V 

+9. 999695V 

Adjust Gain 


NOTES: I. For potentiometer location see Pin Assignments. 2. External offset adjustment on DAC736. 


OUTPUT RANGE CONNECTIONS 

Internal scaling resistors in the DAC73/736 provide a 
wide range of output voltage range connections. These 
internal resistors may be connected to provide three 
bipolar output voltage ranges of ±10V, ±5V, or ±2.5 V or 
two unipolar voltage ranges of 0 to +5V or 0 to +10V. 
Since the internal scaling resistors are an integral part of 
the DAC73/736, gain and offset drift are minimized by 
their use. Connections for DAC73/736 are shown in 
Table II. Figure 1 1 is a connection diagram. 


TABLE II. Output Range Connections. 


Output 

Range 

Digital 
Input Codes 

Connect 
Pin 47 to 

Connect 
Pin 46 to 

Connect 
Pin 44 to 

Connect 

Pin 68 to 

±10V 

COB 

68 

44 

69 

47 

±5V 

COB 

70 

44 

69 

NC 

12.5V 

COB 

70 

44 

69 

69 

0 to +10V 

CSB 

70 

NC 

69 

NC 

0 to +5V 

CSB 

70 

NC 

69 

69 


In all cases pins 52 and 53 and pins 48 and 49 should be 
shorted together with low resistance, capacitance 
connections. 



FIGURE 11. Output Amplifier Voltage Range Scaling 
Circuit. 


TABLE III. Calibration Procedure. 
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resistor and will cause an error in the voltage across Rf. 
One-half LSB error would result at full load for Ri = 
0.02(1. Therefore, if possible, sense the output voltage to 
include R 3 . 



FIGURE 12. External Accuracy Adjustment. 



FIGURE 13. DAC736 - Unipolar Mode. 


Figure 14 illustrates the optimum connection made 
possible by the ground sense pin on the DAC73. In the 
configuration shown Rf = Rf and R'b || Rb = Rdac || 
Rbpo. This causes any signal developed across R 3 to be 
rejected as a common-mode input, and Rj will not affect 
the voltage across Rf. This configuration will also reject 
noise present on the system common. 

R 4 is negligible in both circuits when ground connections 
are made as shown. 



FIGURE 14. DAC73 -±10V Bipolar Mode. 


The DAC73/736 and the wiring to their connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key word in elimination of 
RF radiation or pickup is loop area. Therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a signal lead and its return 
conductor are wired close together they present a small 
flux-capture cross section for any external field. 
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Self-Calibrating High Resolution True 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 

• SELF-CALIBRATION MAINTAINS ACCURACY OF 

±1/2LSB NONLINEARITY \ 

±0.00035% GAIN ERROR } +15°C TO +45°C 
±40/iV OFFSET ) 

• UNIPOLAR OR BIPOUR VOLTAGE OUTPUT 

• DOUBLE BUFFERED FOR AN 8- OR 16-BIT BUS 



DESCRIPTION 

The DAC74 is a self-contained true 16-bit Digital-to- 
Analog converter designed for applications requiring 
high resolution and accuracy such as displays, 
frequency synthesizers, automated test equipment, 
analytical instruments, and high resolution control- 
lers. Furthermore, in applications where equipment 
is inaccessible or frequent calibration is impractical 
the DAC74 is ideal because the self-calibration 
accuracy depends only on the long term stability of a 
heated zener reference diode. 

Using self-calibration circuits, the DAC74 maintains 
typically ±1LSB total error over +15°C to +45°C! 
Compare this with other high resolution converters 
which can only maintain this accuracy over a ±2°C or 
±3°C range. A patented microprocessor-controlled 
differential measurement technique is the key contri- 
butor to the DAC74’s drift performance. This tech- 
nique allows use of low cost hybrid and monolithic 
circuits to remove linearity, gain, and offset errors 
resulting from ambient temperature variations, com- 
ponent aging, and varying load conditions. 


This product iscovered by United States patents 4,222, 1 07 and 4,272,760. Other patents pending may also apply upon the allowance and issuance of patents thereon. The 
product may also be covered in other countries by one or more international patents corresponding to the above identified U.S. patents. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SYSTEM DESCRIPTION 

The DAC74 is a selfVcalibrating, 16-bit digital-to-analog 
converter in a 5"x 7" x 0.6" ( 127mm x 178mm x 15.2mm) 
package. This D/ A converter provides either a unipolar 
or a bipolar voltage output that is linear to within 
±1 /2LSBof the Full Scale Range(FSR). The FSR in the 
unipolar mode is set by the internal +10V reference. The 
FSR in the bipolar mode is set by the difference between 
the + 10V and the -10V references. With respect to the 
internal references, the offset and gain errors are also less 
than ±1/2LSB. The settling time to ± 1 / 2LSB is typically 
6/usec for a 1 LSB step. 

A microprocessor-controlled calibration circuit retrims 
the D/ A converter to this accuracy in the face of drift over 
temperature and time. The absolute accuracy of the 
calibration is dependent upon the accuracy of the internal 
voltage references. The drift of the reference is typically 
±0.5ppm/°C. 

The linearity and accuracy of the DAC74 versus tempera- 
ture is illustrated in Figures 1 and 2. The calibration was 
performed at 5°C intervals. It can be seen that the 
calibration greatly increases the useful temperature range 
of the D/'A converter. 


FIGURE 1. DAC74 Linearity versus Temperature. 


The DAC74(see Figure 3) consists of ( 1 ) a 1 6-bit, latched 
input main D/ A converter, which performs the digital-to- 
analog conversion, (2) a stable, temperature-compensated 
voltage reference, (3) an error-measuring circuit which 
compares the D/ A converter output to known references, 
and (4) a microcomputer-based controller that stores the 
output of the error measuring circuit and calculates 
correction factors for offset, gain, and linearity. The 
controller stores these correction factors in RAM and 
these are used to adjust errors when an input data word 
selected by the user is presented at the input to the main 
D/ A converter. 

The critical components, including the current steering 
switches and the laser-trimmed resistor network, are 
contained in a single ceramic hybrid package for improved 
thermal tracking. The zener reference is maintained at a 
constant temperature to reduce drift due to ambient 
temperature fluctuations. 

The DAC74 is housed in a steel package which provides* 
excellent electromagnetic shielding. The package can be 
mounted from either side for socket mounting or for use 
of ribbon cable connectors. 
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DIGITAL DATA INPUT 


8M8B1 


MSB ENABLE (ENMSB) 


LSB ENABLE (ENL SBI 


8LSB’s 


MANUAL ADJUST . 


J015Q14 013 012 
m** IB-BIT 

MAIN 

D/A CONVERTER 

T “ 



MANUAL GAIN 
i ADJUST 




•out 

-• MAIN D/A 
CONVERTER 


RUN/CAL , 

M _. 

CAL^_ 

RUN 


LINEARITY & \ 
OFFSET TRIM \ 
D/A CONVERTER / 
8-BIT / 


GAIN TRIM \ 
D/A CONVERTER )— 1 
8-BIT / 


CALIBRATION 

CONTROLLER 


REF RTN 


^UNIPOLAR 
c -9 BIPOLAR 


"1 


ERROR 

MEASUREMENT 

CIRCUIT 


(POSITIVE FULL SCALE REFERENCE! +10V 


•10V (NEGATIVE FULL SCALE REFERENCE! 


TEMPERATURE STABILIZED AND 
COMPENSATED 
VOLTAGE REFERENCE 


+10V MANUAL ADJUST 


T 


PRECISION 

VOLTAGE 

REFERENCE 


10V MANUAL ADJUST 


FIGURE 3. DAC74 Block Diagram. 

A user initiates a c alibra tion by applyin g a neg ative pulse 
to the reset input RES with the RUN CAL input held 
low. After an initial system check, the CAL status goes 
low and a 2.5 second calibration cycle is started. During 
calibration, the external inputs are disabled and the RUN 
status is high. The D/A converter returns to the RUN 
mode at the end of the calibration cycle. CAL remains low 
in the RUN mode if the calibration was successful. The 
RUN status output is low during normal D A converter 
operation; in this state, the external digital data inputs are 
routed to the main D A converter. 

THE MAIN D/A CONVERTER 

The 16 data inputs to the main D A converter are 
buffered by two octal latches that are enabled by a high 
input to ENMSB. In addition, the 8LSB’s are double 
buffered by a latch with an enable input labeled ENLSB. 
This arrangement allows transparent operation, a 16-bit 
interface, or an 8-bit interface. The data inputs are positive 
true. The MSB is labeled DI5 and the LSB is labeled DO. 
Both latches transfer their inputs to the output when the 
enable is high. The input data is held in the latch w hen the 
enable is low. 

Four potentiometers adjust the bit currents for the 
4MSB’s. Two more potentiometers allow the Offset and 
Gain to be adjusted manually. After a calibration period 
of 1 year, these potentiommeter adjustments may be 
required to trim the D/A converter to within the error 


range which can be trimmed by the self-calibration 
circuits. The procedure is given in the Manual Calibration 
section. 

The output operational amplifier converts the 0 to 2mA 
current from the bit switches into a voltage output. A 
5-wire output connection to the main D/A converter is 
described in the Installation section. All five wires MUST 
be installed to the load as indicated to obtain the full 
specified accuracy. 

The output connection diagrams for 0 to +10V unipolar 
operation or ±10V bipolar operation are shown in the 
Installation section. Jumpers must be installed to con- 
figure the main D/A converter and the calibration 
circuits for each of these output configurations. 

PRECISION VOLTAGE REFERENCES 

The + lOV and -10V references„shown in Figure 3, supply 
the voltage standards for calibrating the main D/A 
converter. The -10V reference is required only for bipolar 
operation. The ± 1 OV references derive their outputs from 
a heated zener reference diode. In addition, both reference 
circuits are temperature compensated to cancel variations 
caused by drift in the other components of the reference. 
The accuracy of these references over temperature and 
time determine the accuracy of the D/ A converter after 
calibration. These reference voltages are available for 
external use but the load must remain constant. Alter- 
natively, external T10V and -10V references may be used 
with the DAC74. 
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ERROR MEASUREMENT CIRCUIT 

The error measurement circuit of the DAC74 includes an 
analog switch, differential instrumentation amplifier, 
pedestal offset D/ A converter, and an analog-to-digital 
converter. The circuit measures a sequence of voltage 
pairs. The error of the main D/ A converter trim is derived 
from the differences in each pair of voltages. For instance, 
the Offset error is the difference between the minus full 
scale D/A converter output and the minus full scale 
reference (RTN for unipolar and -10V for bipolar). The 
Gain error is the difference between the plus full scale 
D / A converter output and the + 1 0 V reference less 1 LS B. 
The analog switch selects one of three sources as the input 
to the instrumentation amplifier. These sources are the 
main D/A converter output, minus full scale reference, 
and the plus full scale reference. The analog switch is 
controlled by the calibration controller. 

The difference amplifier derives one of its inputs from a 
pedestal offset D/ A converter which provides a voltage 
roughly comparable to the other input. The other input 
comes from the analog switch. During any pair of 
measurements, the pedestal offset D/ A converter output 
remains the same. Since the gain of the instrumentation 
amplifier is 512, small differences (20^ V) in the voltage 
pair are detected by the analog-to-digital converter 
connected to the output of the difference amplifier. The 
input to the pedestal offset D/A converter is set to the 
same value as that sent to the main D/ A converter so that 
the high gain difference amplifier will stay within its linear 
range. The accuracy of the pedestal offset D/ A converter 
does not affect the calibration accuracy. 

The 10-bit analog-to-digital converter translates the out- 
put of the difference amplifier into a digital code for the 
microcomputer-based controller. Only the difference in 
the readings between a pair of measurements is used by 
the controller. The Gain and Offset of this 10-bit analog- 
to-digital converter are preset at the factory. The control 
signals to the A/D converter are generated by the 
controller during a calibration cycle. 

CALIBRATION CONTROLLER 

The Calibration Controller consists of a microcomputer 
which has three functions; (1) interpret commands from 
the control inputs and terminal interface, (2) conduct 
measurements by sending control signals to the error 
measurement subsystem, and (3) calculate the trims to be 
sent to the trim D/ A converters. In the RUN mode, the 
microcomputer is idle; in fact, it can be turned off to 
reduce noise by asserting the MPUOFF control input 
high or leaving it open. The user may in itiate a calibration 
cycle with a negative pulse to t he RE S control input with 
the MPUOFF and the RUN/C AL co ntrol inp uts both 
low. At the end of the pulse to RES, the RUS status 
output goes high indicating the main D/ A converter is no 
longer under user cont rol. A s discussed in the Manual 
Calibration section, the CAL output goes low indicating 
that the calibra tion p rocess is underway. At the end of the 
calibation, the RUN status will re turn low. If and only if 
the calibration succeeds, the CAL status will remain low. 


The two status outputs RUN and CAL are open-collector 
TTL outputs (7406) which can drive an LED indicator 
directly. At the end of the calibration, the controller 
automatically returns to the RUN mode and control of 
the main D/ A converter inputs is returned to the user. 

The Offset is first adjusted with respect to the minus full 
scale reference. Then a sequence of four differential 
linearity measurements are conducted on the four MSB’s 
of the D/ A converter. Starting with the LSB of these four 
bits, each bit is trimmed to be linear with respect to all the 
lesser significant bits. After the linearity is established, a 
final gain correction is made with respect to the full scale 
reference. If the calibration fails, either a component has 
failed, or the internal drift of the system has exceeded the 
range of the trim circuit. If calibration under normal 
operating conditions fails, adjustments of eight poten- 
tiometers must be made to restore the D/A converter to 
its original accuracy. A detailed description of the 
calibration procedure is contained in the Manual Calibra- 
tion section. 

The trim circuits of the DAC74 consist of 16 RAM 
locations. Linearity/ Offset trim D/A converter, and a 
Gain trim D/A converter. As shown in the block 
diagram, the RAM address inputs are taken from either a 
latch connected to the controller bus or from the four 
MSB's of the data input to the main D/A converter. In 
the RUN mode, the four inputs from the main D/A 
converter select one of 16 digital codes. The 8-bit code 
selected by the address inputs constitutes the sum of the 
corrections for the Offset error and the sum of the bit 
errors for those bits of the upper four which are logic 
ones. For instance, the RAM location 0 contains the 
digital code for just the Offset correction since none of the 
upper four bits are turned on. The RAM location 8 
contains the digital code for the sum of the Offset 
correction and the correction for the MSB error. During 
calibration, the controller addresses the RAM. It first 
zeros the RAM and then adds the correction for the 
Offset error to all the RAM locations. Then the correc- 
tions for the bit errors are added to those locations which 
have that bit turned on. For instance, the correction for 
the MSB is added to all locations whose address starts 
with one ( 1 XXX). The 8-bit digital code from the RAM is 
the input to the Offset/ Linearity trim D/ A converter. The 
output of the trim D/ A converter makes a slight adjust- 
ment in the total current of the main D/ A converter (one 
part in 2048). The maximum trim in the unipolar mode is 
±2.441mV. With an 8-bit resolution trim D/ A converter, 
the minimum possible trim is 1/8LSB or0.019mV at the 
main D/ A converter output. 

A final Gain trim is made by sending a separate 8-bit trim 
word to the Gain D/ A converter. The Gain error is the 
deviation of the full scale output from the full scale 
reference (+10V -1LSB). The maximum and minimum 
correction range in the full scale output are the same as 
the linearity/ offset maximum and minimum, 2.441 mV. 
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SPECIFICATIONS 


ELECTRICAL 

Ta = 25°C, rated power supplies and after 30 minute warm-up unless otherwise noted. 


MECHANICAL 


DIGITAL INPUT 


Resolution 
Voltage Levels 
Logic 1, Vih 
Logic 0, Vil 
Current 

D0-D15, ENLSB, ENMSB (SN74LS373> 
Iih. Vi = 2.7V 
Iil, Vi = 0.4V 

re§, run/OT, unipolar Cal 

Iih, Vi = 2.4V 
Iil, Vi = 0.4V 

MPUOFF (inc. lOkll pullupi 
Iih, Vi = 2.4V 
Iil, Vi = 0.4V 


ANALOG OUTPUT 



Ranges, Unipolar 


0 to +10 

Bipolar 


±10 

Output Impedance (DC) 


0.03 

Short Circuit to Common (Duration) 


Indefinite 

Load Current 

±5 


Settling Time (to ±1/2LSB) 



20V Step 


20 

ILSBStepd) 



Slew Rate 


18 

Noise 



Voltage, Bipolar 



0.1Hz to 10Hz 


10 

10Hz to 100Hz 


70 



DIGITAL OUTPUT 


Open Collector (SN 7406) 
with 1 0kil Pullupi 
Voltage Levels 
Logic 1 
Logic 0 

C urren t i with 10k(l Pullup 

Cal. run 


TRANSFER CHARACTERISTICS AFTER SELF-CALIBRATION CYCLE 

Accuracy<2) 

Total Error 

Unipolar ±0.001 

Bipolar ±0.001 

Linearity Error ±1/2 

Gain, Error, Unipolar ±0.000 

Bipolar ±0.000 

Offset Error, Unipolar ±40 

Bipolar ±80 

Monotonicity after Calibration, 16 bits Guaranteed 


DRIFT 


Total Error Drift (includes gain, offset 
and linearity drift!*)) 

Unipolar 

Bipolar 

Total Error over Temp Range 
Voltage, Unipolar (0°C to 70°C) 
Bipolar 

Voltage, Unipolar (+15°C to +45°Ci 
Bipolar 

Gain (exclusive of reference drift) 
Offset (exclusive of reference drift) 
Unipolar 
Bipolar 

Differential Linearity over Temperature 
Linearity Error over Temperature 


PRECISION 10V REFERENCES 


Voltage<5) 

Drift vs Temperature 
External Currents 


±0.0015 

% of FSRO) 

±0.0015 

% of FSR 

±1/2 

LSB 

±0.00035 

% of output 

±0.00035 

% of output 

±40 

mV 

±80 

mV 



#6 -32 (THRU) 

(2 PL). SEE NOTE 2. 

.7 ♦ 


r ntrf 


#6-32 0.263 DEEP (0.188 MIN DEPTH) (4 PL)' 
SEE NOTE 2. 


I CUT-AWAY SHOWING 

PIN DETAIL 

NOTES: AB 

1 . Leads in true position within 0.015" I w 
( 0.38mm ) R at MMC at seating plane. 

2. Holes in true position within 0.015" Tf 

(0.38mm) R at MMC. Y 

CASE MATERIAL. Epoxy coated steel f 
LABEL: Metal foil 9 z J 

WEIGHT: 20oz. (257gm.) max. 

PIN: Gold Flashed 9 ~f * 

Mati ng Connectors ^ } z 

shipped with DAC74: ? Z * 

AMP86418-1 20 pin, PI Test > “*7 

Interface [ 

AMP1-86418-8 34 pin, P2 Digital — — * 

AMP86418-2 40 pin, P3 Analog 


TT 
i — 
CO 


ppm of FSR/°C 
ppm of FSR^C 


ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 


TTT7M KfMl JTTV I 

HRilllilllSRIlRIII 

mmmmmwmmmmmmmml 
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ELECTRICAL (CONT) 


MECHANICAL (CONT) 


1 MODEL 

DAC74 



■eo 

TYP 

■H33 

UNITS 

| STABILITY, LONG TERM | 

Gain (exclusive of reference) 

■■SM 

±30 


ppm/103 hr 

Offset (exlusive of reference) 





Unipolar 

■ 

±5 


ppm of FSR/103 hr 

Bipolar 


±30 


ppm of FSR/103 hr 

Linearity 

H 

±0.25 


LSB/103 hr 

Precision 10V References 


±20 


ppm/103 hr 

| POWER SUPPLY SENSITIVITY 1 

Unipolar Offset 





+15V and -15V Supplies 


±0.0001 


% of FSR/%Vs 

+5V Supply 


±0.0001 


% of FSR/%Vs 

Bipolar Offset 





+15V and -15V Supplies 


±0.0004 


% of FSR/%Vs 

+5V Supply 


±0.0001 


% of FSR/%Vs 

Gain 





+15V and -15V Supplies 


±0.001 


% of FSR/%Vs 

+5V Supply 




% of FSR/%Vs 

I POWER SUPPLY REQUIREMENTS | 

Range 



±15.5, 





+5.25 


Supply Drain, ±15VDC 





mot including output load. 



200 


Current Surge, +15V Supply!?) 



400 


+5VDC Supply 



800 


[temperature range 1 

Self-calibration Operation 

+15 


±45 

OQ 

Drift Specification 

0 


+70 

°C 

Storage 

-55 


+100 

°C 

1 TIMING SPECIFICATIONS 1 

Control and Status Timing(8) 



n 


ton 

50 



msec 

tRES 

14 



Msec 

tlN 



500 

Msec 

td 0 


100 


Msec 

tdi 


100 


Msec 

tRUN (self-cal mode) 


2.5 

3 

sec 

tRUN (service mode) 


300 

350 

msec 

Data Input Timing 





tENLSB, enmsb (pulse width tw) 

15 



nsec 

tsu (data input setup time) 

20 



nsec 

th (data input hold time) 

10 


, 

nsec 






Screws holding the package together are covered by the 
top label mot shown i. If the package must be opened, 
the top label must be peeled back at the corners. The 
package is mounted through inserts in the corners when 
the connectors are mounted pins-down or through the 
two holes in the center of the package when the 
connectors are mounted pins-up. 

Manual calibration potentiometers are located on one 
end of the package. The potentiometers are accessed by 
peeling off the label on the edge of the package. 


NOTES: 

1. 1LSB at 16 bits = 0.00152% of FSR, = 15.2ppm of 
FSR, 152/uV unipolar, 304 /l»V bipolar. 

2. Self-calibration can operate over +15°C to +45°C. 
DAC74 meets these specifications after 

the calibration cycle. These assume that the ±10V 
references have been adjusted to ±10.0000V 
±10 mV after 30-minute warm-up. 

3. FSR means Full Scale Range and is 20V for bipolar 
and 10V for unipolar. 

4. DAC74 will operate as aD/A converter over 0°C to 
+70°C. Self-calibration feature may be out of 
correctable range over a temperature range wider 
than +15°C to +45°C. 

5. Manually adjustable to +10.00000 and -10.00000 
after 30-minute warm-up. 

6. Maximum with constant load for no degradation of 
specifications. 

7. The heater current of the heated zener reference 
momentarily causes the initial power-up current of 
the +15V supply to approach 400mA. The +15V 
supply current then tapers to less than 200mA 
within 3 seconds. 

8. See Operation section for timing diagrams. 


PIN CONFIGURATION 


Connector PI is a special service and test connector used by the factory. 
P2 is the Digital I/O connector containing the 16 input lines to the D/A 
converter, the control and status signals, and the +5V supply pins. 
Connector P3 contains all analog function 
pins for output, output sense, references, 


options, analog test points, and ±15V power 
supply input. 

The DAC74 is delivered complete with mating 
connectors for printed circuit mounting. 


10 11 


DIG GND 
DIG GND 
tMSBi D7 
D6 
D5 
D4 
D3 
D2 
D1 

1 LSB ' DO 



I ENCRT 

Ires 


RE 
WE 
SWE 
DSR 
N/C 
N/C 
I N/C 


DIG GND 
DIG GND 
RES 
MPUOFF 
RUN/CAL 
DIG GND 
ENMSB 
i MSB D15 
D13 
Dll 
D9 
D7 
D5 
D3 
D1 

DIG GND 
+5Vin 




DIG GND 
I DIG GND 
' CAL 
IRQ 
RUN 
KEY 
ENLSB 
D14 
012 
D10 
D8 
D6 
D4 
D2 

DO i LSB- 
DIG GND 
+5 Vin 


1 20 


1 34 


20 21 


UNIPOLAR GAIN .OFFSET DAC. 

• • 

VOLTAGE OUT .OFFSET DAC. 

• • 

UNIPOLAR CAL 

• • 

UNIPOLAR GAIN TRIM .OFFSET DAC. 

• • 

OFFSET TRIM OFFSET DAC 

• • 

UNIPOLAR OFFSET TRIM .OFFSET DACi 

• • 

N/C 

• • 

BIPOLAR GAIN 

• • 

CURRENT OUTPUT 

• • 

CAL SENSE 

•P3* 

BIPOLAR RTN SENSE 


UNIPOLAR RTN SENSE 

• • 

RTN 

• • 

RTN 

• • 

ANALOG COMMON 

• • 

a'nalog COMMON 

• • 

+15Vin 

• • 

-15Vin 

• • 

N/C 

• • 

N/C 

• • 


1 40 


BIPOLAR GAIN OFFSET DAC 

-IOVrefOUT 

-F.S. REF ,A|_L BITS OFF 

BIPOLAR GAIN TRIM .OFFSET DAC. 

+10VREF IN 

+10VREF OUT 

ADC VOLTAGE IN TEST. 

UNIPOLAR GAIN 

BIPOLAR OFFSET 

DAC VOLTAGE OUTPUT 

+F.S. REF . ALL BITS ON i 

CMR TRIM 

RTN 

RTN 

ANALOG COMMON 

ANALOG COMMON 

+15Vin 

-15Vin 

+ 12V TEST 

-12V TEST 
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CONNECTION DIAGRAM - UNIPOLAR 


UNIPOLAR GAIN 

DAC VOLTAGE OUTPUT 


BIPOLAR OFFSET 
CURRENT OUTPUT 


-F.S. REF (ALL BITS OFF) 


[ UNIPOLAR OFFSET TRIM (OFFSET DAC) 
OFFSET TRIM (OFFSET DAC) 


RV3 CA Di3 


UNIPOLAR GAIN TRIM (OFFSET DAC) 


UNIPOLAR GAIN (OFFSET DAC) 
VOLTAGE OUT (OFFSET DAC) 


RV4 CA D12 


RV5 CA GAIN 


BURR -BROWN 


CONNECTION DIAGRAM - BIPOLAR 


SELF-CALIBRATING D/A CONVERTER 

DAC74 


DAC VOLTAGE OUTPUT 


RV8 0 


T RTN 

I RTN 

BIPOLAR OFFSET 
CURRENT OUTPUT 


RV1 0 


RV2 CA Di4 


-F.S. REF (ALL BITS OFF) 


OFFSET TRIM (OFFSET DAC) 


RV3 0 


BIPOLAR GAIN TRIM (OFFSET DAC) 

VOLTAGE OUT (OFFSET DAC) 
BIPOLAR GAIN (OFFSET DAC) 


RV4 0 


RV6 {/l OFFSET 


RV5 0 


BURR -BROWN 


SELF-CALIBRATING D/A CONVERTER 

DAC74 
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DESCRIPTION OF PIN FUNCTIONS 

CONNECTOR PI 

Connector PI is a test connector used by the factory. It is not described in this data sheet. 


CONNECTOR P2 (Digital Signal Connector) 


Pin No. 

Designation 

1 

+5V,s 

2 

DIGITAL COMMON 

3 through 10 

Dl. D3, D5, D7, D9, 

Dll, DI3, DI5 

1 1 

ENMSB 

12 

DIGITAL COMMON 

13 

RUN CAL 

14 

MPU OFF 

15 

RES 

16, 17, 18, 19 

DIGITAL COMMON 

20 

CAL 

21 

IRQ 

22 

RUN 

23 

KEY 

24 

ENLSB 

25 through 32 

DI4, DI2, DIO, D8, 

D6, D4, D2, DO 

33 

DIGITAL COMMON 

34 

+5Vin 

CONNECTOR P3 (Analog 

Pin No. 

Designation 

1,2 

NC 

3 

-I5V,n 

4 

+ I5Vin 

5,6 

ANALOG COMMON 

7,8 

RTN 

9 

UNIPOLAR RTN 
SENSE 

10 

BIPOLAR RTN 

SENSE 

II 

CAL SENSE 

12 

CURRENT OUTPUT 

13 

BIPOLAR GAIN 

14 

NC 

15 

UNIPOLAR OFFSET 
TRIM (OFFSET DAC) 

16 

OFFSET TRIM 
(OFFSET DAC) 

17 

UNIPOLAR GAIN 
TRIM (OFFSET DAC) 

18 

UNIPOLAR CAL 

19 

VOLTAGE OUT 
(OFFSET DAC) 

20 

UNIPOLAR GAIN 
(OFFSET DAC) 

21 

BIPOLAR GAIN 
(OFFSET DAC) 

22 

-IOVr,;, OUT 

23 

-F.S. REF 
(ALL BITS OFF) 

24 

BIPOLAR GAIN 


Function 

+5V supply input. Connected internally to pin 34. 

+5V supply return. Connected internally to pins 12. 16. 17, 18. 19, 33. 

Data input to the Main D A. D 1 5 is the MSB. Logic I is a high input logic level. 

Enable forthedata input latches. Controls the MSB byte latch and the 2nd latch in the double-buf fered I. SB byte. Level 
triggered on high level. 

+5V supply return. 

Control input. Low input for SELF-CALIBRATION mode. High input for SERVICE, the manual calibration mode. 
Controls microprocessor oscillator. Low - ON, High - OFF. Must be low for 50msec before RES is asserted. 

Control input. Resets the DAC74 controller and subsequently causes the RAM to be cleared and "calibration” or 
"service” to begin. Input is a logic 0 (low) pulse with 14/isec minimum width. 

+5V supply return. 

Status Output. Informs the user if calibration failed. Logic low means calibration successful. 

An internal microprocessor control input. Not used by user. 

Status Output. This is high during the time the calibration controller has control of the main D A converter. 

This pin may be used to key the module to protect against incorrect plug-in alignment. 

Enable input for LSB byte latch. Level triggered on high level. 

Data input to the main D. A. DO is the LSB. Logic I is high logic level. 

+5V supply return. 

+5V supply input. 

Connector) 

Function 
No connection. 

-I5V supply input. Connected internally to pin 38. 

+15V supply input. Connected internally to pin 37. 

Return for ±15V supply. Connected internally to pins 35 and 36. 

Analog return for the analog output. Connected internally to pins 33 and 34. 

Unipolar Return Sense. Analog load sense for unipolar output configuration. 

Bipolar Return Sense. Analog load sense for bipolar output configuration. 

Calibration Sense. A connection to sense the D, A output at the load and provide an input to the error measurement 
circuit. 

A connection to the current output of the bit switches. Used to connect Bipolar Offset, pin 29. 

Connection to scale the output amplifier for bipolar output range (-10 to -MOV) and to provide a sense input from the 
load. 

No connection. 

Connects an internal trim network to pin 16 for unipolar operation. This network is factory set. 

Offset trim input connection to the pedestal offset D / A converter. 

Gain trim input connection to the pedestal offset D A converter for unipolar operation. 

A digital option line selecting the software routine calibrating the main D, A converter for the bipolar or unipolar 
configuration. 

Analog output of the pedestal offset D/A converter. 

Connects the pedestal offset D/ A converter for 0 to + I0V output range. Connect to pin 19. 

Connects the pedestal offset D,.A converter for -10V to + I0V output range. Connect to pin 19. 

-10V precision reference output. 

Minus Full Scale input to analog switch of error measurement circuit. Connect to pins 7, 8, 33, 34 for unipolar. Connect 
to pin 22 for bipolar. 

Gain trim input connection to the pedestal offset D A converter for bipolar operation. Connect to pin 25. 
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25 

+10V K m IN 

Connection to provide precision + I0V reference to the D A converter circuits. Connect to pin 26. 

26 

+ I0V rm OUT 

+ I0V precision reference output. 

27 

ADC VOLTAGE IN 
(TEST) 

The analog output of the difference amplifier in the error measurement circuit. 

28 

UNIPOLAR GAIN 

Connection to scale the output amplifier for unipolar output range (0 to +IOV)and to provide a sense input from the 
load. 

29 

BIPOLAR OFFSET 

Connects the bipolar offset current source to Ihe current output of the main I) A converter to prov ide bipolar ollset. 
Connect to pins 7, 8, 33, 34 for unipolar. Connect to pin 12 for bipolar. 

30 

DAC VOLTAGE 
OUTPUT 

Analog voltage output of the main D A converter. 

31 

+ F.S. REF 
(ALL BITS ON) 

Plus Full Scale input to analog switches of the error measurement circuit. 

Connect to pin 25. 

32 

CRM TRIM 

Common-mode rejection trim for the output amplifier for bipolar operation only. 

Connect to pins 7, 8. 33, 34 for unipolar. Connect to pin 12 for bipolar. 

33, 34 

RTN 

Analog return for the analog output. Also connected internally to pins 7 and 8. 

35. 36 

ANALOG COMMON 

Return for ± 15V supplies. Connected internally to pins 5 and 6. 

37 

+ I5V,s 

+ 15V supply input. Connected internally to pin 4. 

38 

-I5V 1n 

-I5V supply input. Connected internally to pin 3. 

39 

+ 12V TEST 

Test pin for internal + I2VDC. 

40 

-I2V TEST 

Test pin for internal -I2VDC. 


INSTALLATION 


The three connectors described in the previous section 
have three separate functions; analog interface, digital 
interface, and the terminal interface. The terminal inter- 
face is used only for factory test. Connection to a printed 
circuit board can be made using female printed-circuit- 
mounted connectors supplied with the DAC74. They 
should be positioned relative to the four internally- 
threaded mounting holes at the corners of the DAC74 as 
shown in Figure 4. Mount the DAC74 with four #6 
external tooth lockwashers and four #6-32 screws using 
0.156" diameter holes. Be sure to leave clearance for 
screwdriver adjustment of the trim potentiometers. 
Alternatively, the DAC74 can be mounted on a chassis 
with the connectors facing upward using two #6 lock- 


washers and two #6-32 screws by means of the two 
internally-threaded holes near the center of the DAC74 as 
shown in Figure 4. In this orientation, connection to 
ribbon cable can be made with mass terminated, female, 
flat cable connectors (3M, 3421-0000, 3414-0000, 3417- 
0000). Individual wires may also be connected to the 
DAC74 in this orientation using female wire-applied 
connectors (AMP 1-87456-6, 3-87456-0, 3-87456-6 hous- 
ings plus appropriate crimp snap-in pins). In either case, 
the jumpers for the unipolar or the bipolar configuration 
should be made right at the analog connector P2 as 
described in the following paragraph. The potential drops 
due to long jumpers cause a degradation in the accuracy 
of the calibration circuit. 
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POWER SUPPLY CONNECTIONS 

A typical configuration is shown in Figure 5. Regardless 
of the local grounding, bring two separate return lines 
from the common near the power supplies to the DAC74. 
Connect one to Digital Common and the other to Analog 
Common. The load return line should be connected only 
to RTN (pins 7, 8, 33, 34) on P3 as shown in the unipolar 
and bipolar Connection Diagrams. Other connections to 
local grounds should be made with caution as they may 
cause ground loops which induce undesirable voltages at 
the common return points. The case is tied internally to 
Analog Common. Normally it should not be connected to 
any local grounds. Besides the power supply connections, 
other connections to the DAC74 should be limited to the 
digital inputs with a single digital current return and the 
5-wire connection to the load. The external connections 
should be made so as to minimize the conduction paths to 
external noise sources. Internal bypass capacitors are 
included in the DAC74; no other bypass is needed nor 
recommended. 

The power supply voltages may be sequenced on or off in 
any order provided that the power supply inputs have no 
transient voltages of polarity opposite to the normal DC 
input with respect to Analog or Digital Common. 

The power supply requirements are listed below. During 
power-up, an initial surge of 400mA is required by the 
T15V supply input. 


Input Voltage 

+5V 

+15V 

-15V 

Current, max 

typ 

800mA 

500mA 

200mA 

150mA 

200mA 

150mA 


Precautions 

1. Provide all three grounds before applying voltage 

to either the power supply inputs or the signal inputs. 

2. Avoid static discharge during handling and installation. 
Store the DAC74 in a conductive package. 

3. Use short pairs of wire close together to minimize 
electromagnetic pickup. 

In very noisy environments, separate floating supplies 
may be needed to power the DAC74. These supplies and 
their common returns should be connected only to the 
DAC74. Some experimentation with extra shielding and 
alternative return configurations may be necessary in 
extreme circumstances. 

OUTPUT CONNECTION 

The output connection for unipolar and bipolar operation 
are shown in the Connection Diagrams. For either 
unipolar or bipolar, it is very important to provide both a 
current-carrying wire and a sense wire to both sides of the 
load in order to minimize the errors caused by induced 
potentials and losses in the wiring to the load. The fifth 
wire, CAL SENSE, returns the output voltage at the load 
to the error measurement circuit. In a noisy environment 
these wires should be enclosed in a shield that is connected 
only to the RTN pins of the DAC74. The return line from 
the load to the RTN pin of the DAC74 must be separate 
from other grounds in order to avoid potential drops due 
to shared current paths. The resistance of this path must 
be low so that the voltage drop is less than 20/uV. For 
example, at 5mA one foot of 16-guage copper wire 
(40/ 1000ft.) produces a 20/uV drop. 



FIGURE 5. Power Supply and Common Connections. 
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Unipolar Connection. The output connections and jumpers are listed below. The pin numbers refer to the analog 
connector P3. The first five connections constitute the 5-wire connection to the load. 


Connection 

30 to load (top) 

28 to load (top) 

7 to load (bottom) 

9 to load (bottom) 

1 1 to load (top) 

33 to 6 

23 to 34 

29 to 34 
26 to 25 
15 to 16 

17 to 25 
19 to 20 

18 to digital common 

31 to 25 


Purpose 

DAC VOLTAGE OUTPUT 
Output connection to the load. 

UNIPOLAR GAIN 

Output sense to the inverting input of the output amplifier. Sets unipolar range. 
RTN 

Current return from the load. This return impedance must be low - equivalent of 
16-gauge wire. 

UNIPOLAR RETURN SENSE 

Return sense to the noninverting input of the output amplifier. 

CAL SENSE 

Input to the error measurement circuit from the load. 

RTN TO ANALOG COMMON 

Connect common returns. This jumper is essential to prevent damage to the internal 
reference. 

-F.S. REF (ALL BITS OFF) 

Set minus full scale to 0 volts. Keep as short as possible. 

BIPOLAR OFFSET TO RTN 

Maintain the same current drain on the +10 volt reference as bipolar connection. 

+ 10V REF OUT TO +10V REF IN 
Keep as short as possible. 

UNIPOLAR OFFSET TRIM TO OFFSET TRIM 

Connect offset trim to offset adjust input of the pedestal offset D/ A converter. 
UNIPOLAR GAIN TRIM (OFFSET DAC) to +10 VOLT REF 
Connect the full scale gain reference of pedestal offset D/ A converter. 

VOLTAGE OUT (OFFSET DAC) output to UNIPOLAR GAIN (OFFSET DAC) 
Return sense to inverting input of the pedestal offset D/ A converter. 

UNIPOLAR CAL to DIGITAL COMMON 
Set software to unipolar mode. 

+F.S. REFto+lOV REF IN. 


Bipolar Connection. The output connections and jumpers for bipolar operation are listed below. The pin numbers 
refer to the analog connector P3. The first five connections constitute the 5-wire connection to the load. 


Connection 
30 to load (top) 

13 to load (top) 

7 to load (bottom) 

10 to load (bottom) 


Purpose 

DAC VOLTAGE OUTPUT 
Output connection to the load. 

BIPOLAR GAIN 

Sense to the inverting input of the output amplifier. Sets bipolar range. 

RTN 

Current return from the load. This return impedance must be low - equivalent of 1 foot 
16-guage wire for 5mA output. 

BIPOLAR RETURN SENSE 

Return sense to the noninverting input of the output amplifier. 


1 1 to load (top) 
32 to 7 


7, 8, 33, 34 
33 to 6 


CAL SENSE 

Input to the error measuring circuit from the load. 

CMR to RTN 

Match the equivalent impedance to RTN for both inputs of output amplifier for the 
bipolar configuration. 

RTN 

Tied together internally. 

RTN to ANALOG COMMON 

Connect common returns. This jumper is essential to prevent damage to the internal 
references 
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Connection 

23 to 22 

29 to 12 
26 to 25 
16 to 25 

24 to 25 
19 to 21 
31 to 25 


Purpose 

-F.S. REF (ALL BITS OFF) to -10V REF OUT 

Set minus Full Scale to -10 volts. Keep as short as possible. 

BIPOLAR OFFSET to CURRENT OUTPUT 
Bipolar offset for output amplifier. 

+ 10V REF OUT to +10V REF IN 
Keep as short as possible. 

OFFSET TRIM (OFFSET DAC) to +10V REFERENCE IN 

Connect bipolar offset of the pedestal offset D/ A converter to +10V REF. 

BIPOLAR GAIN TRIM (OFFSET DAC) to +10V REF 

Connect the Full Scale gain reference of the pedestal offset D/ A converter. 

VOLTAGE OUTPUT (OFFSET DAC) to BIPOLAR GAIN (OFFSET DAC) 

Return sense to inverting input of the pedestal offset D/ A converter. 

+F.S. REFto+lOV REFIN. 


Internally Connected Pins. The following pins are connected internally: 


Function Pin No. 

DIGITAL COMMON 2, 12, 16, 17, 18, 19, 33 
+5V,n 1,34 

ANALOG COMMON 5, 6, 35, 36 

T15Vin 4,37 

-15V, N 3,38 

RTN 7, 8, 33, 34 

DIGITAL INPUTS 

Data inputs DO - D15 and enable inputs, ENMSB and 
ENLSB, are low power Schottky (74LS373). Control 
inputs RES*, RUN/CAL and UNIPOLAR CAL are 
standard TTL inputs. M PUOFF is a standard TTL input 
with a lOkH pullup resistor connected to T5V volts. 
Timing specifications on the digital inputs are listed in the 
Specifications table and discussed in the Operation 
section. 


respectively. For 16-bit bus operation ENLSB can be 
permanently connected to +5 V. Since all three latches are 
octal transparent latches (74LS373), their inputs may be 
transferred directly to their outputs by setting their 
respective enable inputs high. The table below indicates 
four common interfaces. A high input refers to a logic 1 
input (2V to 3.5 V) and a low input refers to a logic 0 input 
(0V to 0.8V). 


OPERATION 

DAC74 data inputs, control signals, and status lines are 
shown in Figure 6. M PUOFF will usually be tied to 
DIGITAL COMMON permitting the internal crystal 
ocsillator to run continuously. However, one may wish to 
control the oscillator to remove all possible sources of 
noise during D/ A converter opera tion. M PUOFF must 
be asserted low 50msec before the RES pulse is asserted. 
The RES line resets the calibration controller and starts 
controller operation when it returns high after being 
asserted low for at least 14/usec. 

RUN/CALisamode control line. When high, RUN/CAL 
enables the controller to set up the SERVICE mode. In 
this mode, the user performs a coarse m anua l adjustment 
of the D/A converter. When RUN/CAL is low, the 
controller is informed to set up the SELF-CALIBRA- 
TION mode, the normal mode of operation. 

Data input latches are level-triggered by ENSMB and 
ENLSB. These are used to strobe-in data from an 8-bit 
bus with DO through D7 connected to D8 through D15 


Mode 

ENMSB 

ENLSB 

Description 

Transparent 

High 

High 

Inputs are transferred directly to the 
MAIN D/ A converter. 

16-bit 

interface 

Positive 

Pulse 

High 

All 16 bits are latched at the end of the 
ENMSB pulse. 

8-bit 

interface 

Low 

Positive 

Pulse 

Capture 8LSB's from the data bus in 
low byte buffer. 

8-bit 

interface 

Positive 

Pulse 


Transfer 8MSB’s from the data bus and 
transfer latched 8LSB’s to the MAIN 

D/ A converer at the end of the pulse. 


The three-s tate o utput in the second rank of latches is 
disabled by RUN, a status output signal, during the time 
the calibration controller has control of the main D/A 
converter. 

INITIAL SETUP 

It is necessary to trim the +10V and -10V reference as 
close to 10V as possible using the potentiometers located 
at the edge of the module. The procedure is described in 
Manual Calibration section. 
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It should not be necessary to manually adjust OFFSET, 
GAIN, and LINEARITY on units received from the 
factory. However, after a year or more of operation it may 
be necessary to adjust these parameters to within the 
range which can be trimmed by the self-calibration 
circuits. The manual adjustment procedure is described in 
the Manual Calibration section. It is important that either 
the load be connected or that a dummy load be switched 
in during calibration or adjustment. 

Self-Calibration Mode 

After power-up, a 1/ 2-hour warm-up period must be 
allowed. This permits the heated zener reference and 
other critical circuits to stabilize. 

The next step is to initiate the SELF-CALIBRATION 
routine. Self-calibration is initiated by providing a pulse 
(low, 14/isec min) from the host equipment to the RES 
line. Self-c alibration typically takes 2-1/2 seconds. CAL 
and RUN inform the user on the internal status of the 
calibration controller. The operation of these is best 
explained by a timing diagram. Figure 7. 

Upon application of the reset pulse, CAL g oes ( or 
remains) low a nd go es high about 100/usec after RES is 
returned high. CAL remains high for 500/xsec maximum. 
If it remains high, self-calibration has failed. If it goes low, 
self-calibration will be successful. The fact that calibration 
has failed means that either a noise transient has inter- 
fered with system operation or that the maximum 
correction factors have been used and that the main D/ A 


converter connot be corrected to within specification. 
However, the converter will still operate. It will be 
necessary to perform manual adjustments described in 
the Manual Calibration section. 

RUN goes high about 100/usec after the RES pulse returns 
high and remains high until all calibration controller 
operations are complete and control of the main D/A 
converter is returned to the digital data inputs. It is 
important to be aware of two facts during self-calibration: 
( 1) the main D/ A converter is being exercised, its output 
is moving and changing the voltage on the load; and (2) 
the three-state output enable of the main D/ A converter 
input latches is held high by RUN thereby disconnecting 
the data inputs from the main D/ A converter. 

Service Mode 

Before one can manually adjust the GAIN, OFFSET and 
LINEARITY of the DAC74, it must be put in a mode 
called the SER VICE mode. This is accomplished by 
switc hing RUN/ CAL high and asserting a pulse on the 
RES line. The result of going into this mode is that all 
corrections in the RAM are set to zero before control is 
returned to the user data input lines. 

The timing is illustrated in Figure 7. CAL does not return 
low as it did i n the SELF-CALIBRATION mode but 
remains high. RUN returns low indi cating that control 
has been returned to the data inputs. RUN time is about 
300msec. Manual calibration may proceed as described in 
the Manual Calibration section. 



FIGURE 6. DAC74 Inputs. 
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FIGURE 9. Control Timing Diagram. 
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Full Automatic Control 

If the user wishes to automatically control the total 
operation of the DAC74 including the SERVICE mode 
as well as the SELF-CALIBRATION mode, additional 
timing considerations apply. An additional timing dia- 
gram is shown in Figure 8. Note that the MPUOFF must 
be ass erted low 50msec before RES is asserted and the 
RUN/ CAL must be asserted within 500/zsec of the time 
that the RES pulse returns high. 

MANUAL CALIBRATION 

Manual adjustment of the DAC74 is accomplished by 
eight potentiometers located at one end of the package. 
Space for screwdriver access must be provided on the 
mounting surface. A label marked “REFER TO MAN- 
UAL BEFORE REMOVING LABEL”must be removed 
from the end of the package to access the potentiometers. 

10V Reference Adjustment 

After the DAC74 has been installed, the load connected, 
and a 1/ 2-hour warm-up period has elapsed, the refer- 
ences may be adjusted. The reference voltages should be 
set to 10V, ±10juV. 

A 6-1/2 digit voltmeter, which has been calibrated as 
accurately as possible may be used to adjust the reference 
and coarse calibrate the D/ A converter. 

ADJUSTMENT PROCEDURE 

1. Connect the voltmeter between the +10V REF OUT 
pin (26) and an ANALOG COM MON pin (5, 6, 35, 36). 
Adjust the +10V REF potentiometer to obtain a 
reading of 10.00000V, ±10 M V. 

2. Connect the voltmeter to the -10V REF OUT 

pin (22) and adjust the -10V REF potentiometer to 
read -10.00000V, ±10/uV. Needed for bipolar only. 

N ote: If these reference voltages are to be used to provide 
references to other circuits, those loads must be connected 
before the above adjustments are made. External refer- 
ence loads must remain constant for accurate operation 
of the DAC74. 

Coarse Calibration of the Main D/A Converter. 

The self-calibration controller can correct main D/A 
errors within a limited range. If the gain, offset or linearity 
shift due to initial installation environment, such as load 
return wire voltage drops, power supply voltage line 
regulation, or component aging, a manual coarse adjust- 
ment will be necessary. These six adjustments are made 
using potentiometers at the edge of the DAC74 package. 

Coarse adjustments bring the errors of the DAC74 to 
within the operating range of the self-calibration circuit. 
It is sufficient to adjust the DAC74 output to within 
norminal values. 

ADJUSTMENT PROCEDURE 
After the DAC74 had been installed, the load connected, 
a 1 / 2-hour warm-up period has elapsed, and the reference 
voltages have been set, manual calibration may proceed. 


Put the DAC74 into the SERVICE mode as described in 
the Service Mode section. 

Adjustments will be made in the following order: OFF- 
SET, preliminary GAIN, 4MSBs (LINEARITY), and 
final GAIN. Output voltage readings will be different for 
bipolar and unipolar configurations. 'Fable I shows the 
data word to be strobed into DAC74, the potentiometer 
to be adjusted, and the output reading to be attained for 
unipolar and bipolar configurations. 

After these adjustments are made, put the DAC74 in the 
SELF-CALIBRATION mode as described in the Self- 
Calibration Mode section. The DAC74 is now ready for 
normal operation. 


TABLE I. Calibration Voltages. 


Step 

Data Input 
Word (hex) 

Adjust 

Poteniometer 

D/A Output Reading | 

Unipolar 

Bipolar 

1 

0000 

OFFSET 

0.0000V,±50 M V 

-10.0000V,±100 M V 

2 

0800 

GAIN 

0.3125V,±50/iV 

-9.3750V, ±100 M V 

3 

1000 

D12 

0.6250V, ±50*<V 

-8.7500V,±100mV 

4 

2000 

D13 

1. 2500V, ±50 m V 

-7.5000V,±100 m V 

5 

4000 

D14 

2.5000V, ±50 m V 

-5.00Q0V,±100hV 

6 

8000 

D15 

5.0000V, ±50 m V 

o.oooov,±ioo^v 

7 

FFFF 

GAIN 

9.99985V ,±50^ V 

I-9.9997V ,±1 00/iV 


OPERATIONAL CHECKLIST 

1 . Be sure that all pins and jumpers are connected pro- 
perly as discussed and illustrated in the Installation 
section. Careful layout and shielding is necessary to 
keep digital noise out of the analog circuits. 

2. The load return line from the load to RTN ( pin 7, P3) 
must have less than 20/uV voltage drop across its 
length for proper operation. See Installation section. 

3. Be sure and wait about I / 2-hour for warm-up. 

4. Check power supply voltages at the module pins. 

+ 15V and -15V, ±0.5V 
+5V, ±0.25V 

5. Check +12V and -12V voltages generated internally. 

+ 12V, ±0.6V pin 39, P3 
-12V, ±0.6V pin 40, P3 

6. Check + 10V and -10V references. The D, A converter 
accuracy is directly dependent on these voltages. See 
Adjustment Procedure in the Manual Calibration 
section. 

+ 10.00000V, ±10/uV pin 26, P3 
- 1 0.00000 V,±10 M V pin 22, P3 

7. Check MPUOFF (pin 14, P3) to be sure it is low. It 

must be low for at least 50msec before attempting 
self-cali bration, 

8. Be sure UNIPOLAR CAL (pin 18, P3) is high for 
bipol ar operation or low for unipolar operation. 

9. R E$ p ulse must be at least 14/usec wide. 

1 0. If CAL status does not return low during an automatic 
self-calibration, the D/ A converter may be out of 
tolerance. Adjust it using the procedure in the Manual 
Calibration section. An unsuccessful self-calibration 
can result from a voltage or current transient in the 
D/ A converter system. Attempt a second self- 
calibration. 
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1C DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• WIDE POWER SUPPLY RANGE MODELS AVAILABLE 

(Z MODELS) 

• 12-BIT, 3 DIGIT RESOLUTION 

• i'/zLSB MAXIMUM NONLINEARITY 

• COMPLETE WITH INTERNAL REFERENCE AND OUTPUT 

AMPLIFIER (V MODELS) 

• FAST SETTLING - SOOnsec to ±.01% (I MODELS) 
•CERAMIC DUAL-IN-LINE PACKAGE 

• LOW COST 


DESCRIPTION 

Use this popular 12 bit digital-to-analog converter 
for low cost precision performance applications. 
DAC80, with internal reference and optional output 
amplifier, offers a maximum nonlinearity error of 
±0.012%, ±30ppm/°C maximum gain drift, and 
monotonicity - all over a 0 to 70°C operating range. 
In the bipolar configuration, total accuracy drift is 
guaranteed to be less than ±25ppm/°C. Select TTL 
compatible complementary 12 bit binary (CBI) or 3 
digit BCD (CCD) input codes. 

Packaged within DAC80’s 24 pin dual-in-line 
ceramic case are fast settling switches and stable, 
laser trimmed thin-film resistors that let you select 
output voltage ranges of ±2.5, ±5, ±10, 0 to +5, 0 to 
+ 10 volts (V models) or output current ranges of 
±lmA or 0 to -2mA (I models). Voltage output 
models settle to ±0.01% of FSR in 3 microseconds 
for a 10 volt step change. 

By specifying the new DAC80Z model with a supply 
range of ±1 1 .4 to ± 16.0 volts, you can use this proven 
D/A converter in microprocessor and 
semiconductor memory systems. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 


Burr-Brown Research Corporation 1978 


Printed in U.S.A. July. 1978 
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SPECIFICATIONS 

ELECTRICAL 

Typical at 2S°C and rated power supplies unless otherwise noted. 


MODEL 

1 DAC80-CBI 

DAC80-CCD 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 








Resolution 



12 




Bits 







3 

Digits 

Logic Levels (TTL/ Compatible)' 11 








Logical” (at +40/iA)' 21 

+2 


+5.5 

+2 


+5.5 

VDC 

Logic;“0” (at -1 .0mA)'” 

0 


+0.8 

° 


+0.8 

VDC 

ACCURACY 








Linearity Error at 25°C 


±1/4 

±1/2 


±1/8 

±1/4 

LSB 

Differential Linearity Error 


±1/2 

+L -3/4 


±1/4 

±1/2 

LSB 

Gain Error’ 4 ’ 


±0.1 

±0.3 


±0.1 

±0.3 

% 

Offset Erro/ 4 ’ 


±0.05 

±0.15 


±0.05 

±0.15 

% of FSR' 51 

Monotonicity Temp. Range, min 

0 


+70 

0 


+70 

°C 

DRIFT 61 (0°C to +70°C) 








Total bipolar drift, max (includes gain, 
offset, and linearity drifts)' 7 ’ 

Total error over 0°C to +70 H C |f ” 



±25 



±25 

ppm of FSR/"C 

Unipolar 


±0.08 

±0.15 


±0.08 

±0.15 

% of FSR 

Bipolar 


±0.06 

±0.12 


±0.06 

±0.12 

% of FSR 

Gain 


±15 

±30 


±15 

±30 

ppm/"C 

Exclusive of internal reference 



±10 



±10 

ppm/°C 

Unipolar Offset 


±1 

±3 


±1 

±3 

ppm of FSR/’C 

Bipolar Offset 


±7 

±15 


±7 

±15 

ppm of FSR/"C 

Differential Linearity 0°C to" +70°C 


±1/2 

+L-7/8 


±1/2 

+ 1, -7/8 

LSB 

Linearity Error 0°C to +70°C 



±1/2 



±1/2 

LSB 

CONVERSION SPEED/V models 








Settling Time to ±0.01% of FSR 

For FSR Change 
with lOkD Feedback'’’ 


5 



5 


Msec 

with 5kfl Feedback 


3 



3 


Msec 

For 1 LSB Change 


1.5 



1.5 


Msec 

Slew Rate 

10 

20 


10 

20 


V / Msec 

CONVERSION SPEED/1 models - of FSR 








Settling Time to ±0.01% 

For FSR Change 








10 to 100fl Load 


300 



300 


nsec 

lkfl Load 


I 



I 


Msec 

ANALOG OUTPUT/ V models 



! 





Ranges' 6 ’ 

±2.5, ±5 

±10, 0 to +5, 0 to +10 


0 to +10 


Volts 

Output Current 

±5 1 



±5 



mA 

Output Impedance (DC) 


0.05 



0.05 


ohms 

Short Circuit Duration 



Indefinite to Common 




ANALOG OUTPUT/ 1 models 


■sms 






Ranges 


±1, 0 to -2 





mA 

Output Impedance - Bipolar 


4.4 





kD 

Output Impedance - Unipolar 


15 





kfl 

Compliance 



±2.5 



±2.5 

Volts 

INTERNAL REFERENCE VOLTAGE 





■ 



Maximum External Current' 10 ’ 





1 ■ 



Tempco of Drift, max 





H 



POWER SUPPLY SENSITIVITY 








+ 15V Supply 





±0.02 


% of FSR/% Vs 

-15 and +5V Supplies 


±0.002 



±0.002 


% of FSR/% V s 

POWER SUPPLY REQUIREMENTS 








DAC80 

±14, +4.75 

±15, +5 

±16, +16 

±14, +4.75 

±15, +5 

±16, +16 

VDC 

DAC80Z |h| 

Supply Drain 

±11.4, +4.75 

±12, +5 

±16, +16 

±11.4, +4.75 

±12, +5 

±16, +16 

VDC 

±15/ ±12V (including 5mA load) 


±25 

±35 


±25 

±35 

mA 

+5V (logic supply) 


+20 

±30 



±30 

mA 

TEMPERATURE RANGE 








Specification 

0 


+70 



+70 

°C 

Operating (double above specs) 

-25 





+85 

°c 

Storage 

-55 





+ 100 

°c 


TABLE I. Electrical Specifications 

NOTES: 

1. Adding external CMOS hex buffers CD4009A will provide CMOS input 
compatibility. 

2. Logic “1” current = 40/jlA max at V| N = +5.0V 

3. Logic “0” current = -1 .6mA max at Vin = +0.4 V - 

4. Adjustable to zero with external trim potentiometer. 

5. FSR means “Full Scale Range” and is 20V for±10V range, 10V for±5V 
range, etc. 


6. To maintain drift spec internal feedback resistors must be used for current 
output models. 

7. See discussion on page 6-161. 

8. With gain and offset errors adjusted to zero at 25"C. See discussion on 
page 6-162 

9. DAC80Z supply range is ±12.0V minto±16.0V maxforO to + lOV and±10V. 

10. Maximum with no degradation of specifications. 

153 


DAC80 






















CONNECTION DIAGRAM 



FIGURE 1. External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model. 


NOTES: 

1. 3kfl for CCD models, 5kfl for CBI models. 

2. If connected to +Vs, which is permissible, power dissipation increases 200mW. 

3. CBI model, 2kO; CCD model,Ofl and pin 20 has no internal connection. 

4. 6.3kfl resistor internally grounded on CCD models. 

5. Resistor required only for Z models, see page 6-1 56. Make no connection to 
power supply for regular models. 


PIN ASSIGNMENTS 

Pin 


I Models 

# 

V Models 

(MSB) Bit 1 

1 

Bit 1 (MSB) 

Bit 2 

2 

Bit 2 

Bit 3 

3 

Bit 3 

Bit 4 

4 

Bit 4 

Bit 5 

5 

Bit 5 

Bit 6 

6 

Bit 6 

Bit 7 

7 

Bit 7 

Bit 8 

8 

Bit 8 

Bit 9 

9 

Bit 9 

Bit 10 

10 

Bit 10 

Bit 11 

11 

Bit 11 

(LSB) Bit 12 

12 

Bit 12 (LSB) 

Logic Supply 

13 

Logic Supply 

-V s 

14 

-Vs 

Ion 

15 

Vo,, 

Ref. Input 

16 

Ref. Input 

Bipolar Offset 

17 

Bipolar Offset 

Scaling Network 

. 18 

10V Range 

Scaling Network 

19 

20V Range 

Scaling Network 

20 

Summing Junction 

Common 

21 

Common 

+V S 

22 

+V S 

Gain Adjust 

23 

Gain Adjust 

6.3V Ref. Out 

24 

6.3V Ref. Out 



FIGURE 2. External Adjustment and Voltage Supply 
Connection Diagram, Current Model. 


MECHANICAL 



(BOTTOM VIEW) 


CASE: Black Ceramic 
MATING CONNECTOR: 245MC 
PIN: Pin material and plating composition conform to 
method 2003 (solderability) of Mil-Std-883 (except 
paragraph 3.2). 

WEIGHT: 8.4 grams (0.3 oz.) 

HERMETICITY: Conforms to method 1014 Condition C 
Step 1 (fluorocarbon) of Mil-Std-883 (gross leak). 


FIGURE 3. Mechanical Specifications 
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DISCUSSION 


DIGITAL INPUT CODES 

The DAC80 accepts complementary digital input codes 
in either binary (CBI) or decimal (CCD) format. The CBI 
model may be connected by the user for any one of three 
complementary codes: CSB, CTC or COB. 


| DIGITAL INPUT 

ANALOG OUTPUT | 



CSB 

COB 

CTC* 



Compl. 

Compl. 

Compl. 


MSB LSB 

Straight 

Offset 

Two’s 

% 


Binary 

Binary 

Compl. 

1 

000000000000 

+Full Scale 

+Full Scale 

-LSB 


omnium 

+ 1/2 Full Scale 

Zero 

-Full Scale 

ffi 

100000000000 

Mid-scale -1LSB 

-1 LSB 

+Full Scale 


minium 

Zero 

-Full Scale 

Zero 




CCD 


"o 

MSB LSB 

Complementary Coded Decimal - 3 Digits | 

s 

0110 0110 0110 


+Full Scale 


Q 

(j 

nil nil nil 


Zero 


CJ 






* Invert the MSB of the COB code with an external inverter to obtain 
CTC code. 


TABLE II. Digital Input Codes 


ACCURACY 

Linearity of a D/ A converter is the true measure of its 
performance. The linearity error of the DAC80 is 
specified over its entire temperature range. This means 
that the analog output will not vary by more than ±1/2 
LSB, maximum, from an ideal straight line drawn 
between the end points (inputs all ‘T’s and all “0”s) over 
the specified temperature range of 0 to +70°C. 

Differential linearity error of a D/A converter is the 
deviation from an ideal 1 LSB voltage change from 
one adjacent output state to the next. A differential 
linearity error specification of ±1/2 LSB means that the 
output voltage step sizes can range from 1/2 LSB to 3/2 
LSB when the input changes from one adjacent input 
state to the next. 

Monotonicity over a 0 to +70°C range is guaranteed in the 
DAC80 to insure that the analog output will increase or 
remain the same for increasing input digital codes. 


DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 


million per °C (ppm/°C). Gain drift is established by: 1) 
testing the end point differences for each DAC80 model 
at 0°C, +25°C and +70°C; 2) calculating the gain error 
with respect to the 25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/°C 
and is given in the specification table both with and 
without internal reference. 

Offset Drift is a measure of the actual change in output 
with all ‘T’s on the input over the specified temperature 
range. The offset is measured at 0°C, +25°C and +70°C. 
The maximum change in OFFSET is referenced to the 
OFFSET at 25°C and is divided by the temperature 
range. This drift is expressed in parts per million of full 
scale range per °C (ppm of FSR/°C). 


SETTLING TIME 

Settling time for each DAC80 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input. 

Voltage Output Models: Three settling times are specified 
to ±0.01% of full scale range (FSR); two for maximum 
full scale range changes of 20V, 10V and one for a 1 LSB 
change. The 1 LSB change is measured at the major carry 
(0111 ... 11 to 1000 ... 00), the point at which the worst 
case settling time occurs. 

Current Output Models: Two settling times are specified 
to ±0.01% of FSR. Each is given for current models 
connected with two different resistive loads: 10 to 100 
ohms and 1000 to 1875 ohms. Internal resistors are 
provided for connecting nominal load resistances of 
approximately 1000 to 1800 ohms for output voltage 
range of ±1V and 0 to -2V. See Table V. 


COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage swing permitted without damage to the DAC80 is 
±5V. 
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FIGURE 4. Full Scale Range Settling Time vs Accuracy 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a per cent of FSR per per cent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages. See Figure 5. 



Ripple 

REFERENCE SUPPLY 


All DAC80 models are supplied with an internal 6.3 volt 
reference voltage supply. This voltage (pin 24) has a 
tolerance of ±5% and must be connected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used externally also, but external current drain is 
limited to 200juA. An external buffer amplifier is 
recommended if this reference will be used to drive other 
system components. 


OPERATING INSTRUCTIONS 


±12 VOLT SUPPLY OPERATION 

The Z models will operate with supply voltages as low as 
±11.4V. For operation with supplies less than ±14V an 
external resistor must be connected between the positive 
supply and pin 24. This provides additional current 
required by the internal reference. The required resistor 
value for supply voltages of ± 1 1 .4 to ± 1 2.6V is 2.0kfl and 
for supplies of ±12.6 to ±14V is 3.9kil 


It is recommended that output voltage ranges - 1 0 to + 1 OV 
and 0 to +10V not be used with the Z model if the supply 
voltages are ever less than the recommended ±12V. The 
output amplifier may saturate if |V supp iy | -|V ou t max |< 
2.0V. This applies to units with both CBI and CCD input 
codes. Except for operation at lower supply voltages, the 
DAC80Z and DAC80 operation is identical. 


POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise 
rejection, power supply decoupling capacitors should be 
added as shown in the connection diagrams, Figures 1 
and 2. These capacitors (ljxF tantalum or electrolytic 
recommended) should be located close to the DAC80. 
Electrolytic capacitors, if used, should be paralleled with 
0.01/xF ceramic capacitors for best high frequency 
performance. 


EXTERNAL OFFSET AND 
GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
OFFSET and GAIN potentiometers. If gain and offset 
adjust circuits are not used, pins 15, 20 and 23 should be 
connected as described in other sections herein. (Do not 
ground.) Connect the potentiometers as shown in 
Figure 1 and Figure 2 and adjust as described below. 
TCR of the potentiometers should be 100ppm/°Corless. 
The 3.9MH and 33MO resistors (20% carbon or better) 
should be located close to the DAC80 to prevent noise 
pick-up. If it is not convenient to use these high-value 
resistors, an equivalent “T” network, as shown in Figure 
6, may be substituted in each case. The gain adjust (pin 
23) is a high impedance point and a .001 /jlF to .01 /zF 
ceramic capacitor should be connected from this pin to 
common to prevent noise pick-up. Refer to Figure 7 and 8 
for relationship of OFFSET and GAIN adjustments to 
unipolar and bipolar D/A converters. 
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Offset Adjustment: For unipolar (CSB, CCD) 
configurations, apply the digital input code that should 
produce zero potential output and adjust the OFFSET 
potentiometer for zero output. 

For bipolar (COB, CTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage. Example: If the FULL SCALE RANGE 
is connected for 20 volts, the maximum negative output 
voltage is -10V. See Table III for corresponding codes 



FIGURE 7. Relationship of OFFSET and GAIN 
Adjustments for a UNIPOLAR D/A 
Converter. 


and the block diagram on page 6- 1 54 for offset adjustment 
connections. 


Gain Adjustment: for either unipolar or bipolar 
configurations, apply the digital input that should give 
the maximum positive voltage output. Adjust the GAIN 
potentiometer for this positive full scale voltage. See 
Table III for positive full scale voltages and the block 
diagrams for gain adjustment connections. 



FIGURE 8. Relationship of OFFSET and GAIN 
Adjustments for a BIPOLAR D/ A 
Converter 





ANALOG OUTPUT 

I 


DIGITAL INPUT 

VOLTAGE* 

CURRENT | 



0 to +10V 

±10V 

0 to -2mA 

±lmA 

% 

x> 

12 Bit Resolution 

MSB LSB 

000000000000 

+9.9976V 

+9.995 IV 

-1.9995mA 

-0.9995mA 

i 

011111111111 

+5.0000V 

o.oooov 

-1.0000mA 

0.0000mA 

5 

100000000000 

+4. 9976V 

-0.0049V 

-0.9995mA 

+0. 0005mA 

u 

1 1 1 1 1 1 1 1 1 1 1 1 

0.0000V 

-10.0000V 

0.0000mA 

+ 1.000m A 


One LSB 

2.44mV 

4.88mV 

0.488/uA 

0.488mA 

i 

3 Digital Resolution 

MSB LSB 

0110 0110 0110 

+9. 990V** 

N/A 

-1.249mA 

N/A 

s 

0110 0110 1111 

+9. 900V 

N/A 

-1.238mA 

N/A 

Q 

U 

0110 1IH 1111 

+9.000V 

N/A 

-1.125mA 

N/A 

u 

mi nil nil 

o.ooov 

N/A 

0.000mA 

N/A 


One LSB 

10.00m V 

1 

i 

N/A 

1.25M 

N/A 


** Normal full scale range with correct codes; output can go higher if illegal codes are applied. 

* To obtain values for other binary (CB1) ranges: 0 to +5V range: divide 0 to +10V range values by 2. 

±5V range: divide ±10V range values by 2. 

±2.5V range: divide ±10V range values by 4. 


TABLE III. Digital Input/ Analog Output 
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VOLTAGE OUTPUT MODELS 


OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DAC80 may be 
connected to produce bipolar output voltage ranges of 
±10*, ±5 or ±2.5V or unipolar output voltage ranges of 0 
to +5 or 0 to + 10V.* See Figure 9. 


♦Refer to ±12V supply operation discussion, page 6-156. 



FIGURE 9. Output Amplifier Voltage Range Scaling 
Circuit. 


Gain and offset drift are minimized in the DAC80 
because of the thermal tracking of the scaling lesistors 
with other device components. Connections for various 
output voltage ranges are shown in Table IV. Settling 
time is specified for a full scale range change: 5 
microseconds for 8kH or lOkfl feedback resistors; 3 
microseconds for a 5kfl feedback resistor. 


Output 

Range 

Digital 
Input Codes 

Connect 

Pin 15 to 

Connect 

Pin 17 to 

Connect 

Pin 19 to 

Connect 

Pin 16 to 

±10 

COB or CTC 

19 

20 

15 

24 

±5 

COB or CTC 

18 

20 

N.C. 

24 

±2.5V 

COB or CTC 

18 

20 

20 

24 

0 to +10V 

CSB 

18 

21 

N.C. 

24 

0 to +5V 

CSB 

18 

21 

20 

24 

0 to +10V 

CCD 

19 

N.C. 

15 

24 


TABLE IV. Output Voltage Range Connections - 
Voltage Model DAC80. 


CURRENT OUTPUT MODELS 


The equivalent output circuit and resistive scaling 
network of the current model differ from the voltage 
model and are shown in Figures 10 and 11. Instructions 
for using the DAC80-XXX-I with a resistor or an 
external op amp follow. External Rls or Rlp resistors are 
required to produce exactly 0 to -2V or±l V output. TCR 
of these resistors should be ±100 ppm/°C or less to 
maintain the DAC80 output specifications. If exact 
output ranges are not required, the external resistors are 
not needed. 



Internal resistors are provided to scale an external op 
amp or to configure a resistive load to offer two output 
voltage ranges of ±1V or 0 to -2V. These resistors (Rli) 
are an integral part of the DAC80 and maintain gain and 
bipolar offset drift specifications. If the internal resistors 
are not used, external Rl (or Rf) resistors should have a 
TCR of ±25 ppm/°C or less to minimize drift. This will 
typically add ±50 ppm/°C + the TCR of R L (or Rf) to the 
total drift. 



FIGURE 10. Internal Scaling Resistors FIGURE 1 1. DAC80 Current Model Equivalent Output 

Circuit. 
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Internal 

1% Metal Film 

R 

n Connections 

Reference 

Bipolar Offset ( 

Digital 
Input Codes 

Output 

Range 

Resistance 

R,, 

External 

Ri.s 

Resistance 

Ri.p 

Connect 
Pin 15 to 

Connect 
Pin 18 to 

Connect 
Pin 20 to 

Connect 
Pin 16 to 

Connect 
Pin 17 to 

Ri.s 

Ri.p 











Between 


CSB 

0 to -2V 

0.968 kll 

10511 

N/A 

20 

19 & Ri s 

15 

24 

Com (21) 

Pin 18 & 
Com (21) 

N/A 

Between 

CCD 

0 to -2V | 

1 .875 kfl 

N/A 

36.5 kll 

19 

Com (21) 

N.C. 

24 

N.C. 

N/A 

Between 

Pin 15 & 

21 

COB orCTC 

±1V 

l.2kll 

90.911 

N/A 

18 

19 

Ri.s 

24 

15 

Pin 20 & 
Com (21) 

N/A 


TABLE V. DAC80-XXX-I Resistive Load Connections. 


DRIVING A RESISTIVE LOAD 
UNIPOLAR 

A load resistance, Rl = Rli + Rls, connected as shown in 
Figure 12 will generate a voltage range, Vout, determined 
by: 


/l5kxR L \ 
V 0UT = -2mA ^ 15k + R J 

Where Rl max = 1.36kf2 
and Vout max = -2.5V 



resistor (Rlp) in parallel as shown in Figure 1 3 to obtain a 
0 to -2 volt full scale output voltage range for CCD input 
codes. 


With Rl = 


r li x r lp 
r L1 + r lp. 


Vqut — 1 .25mA 


1 5.6k x Rl \ 
V 1 5.6k + Rl/ 


if Rlp ~ Vqut — 2.08V 



FIGURE 13. DAC80-CCD-I Connected for Voltage 
Output with Resistive Load 


FIGURE 12. Equivalent Circuit DAC80-CBI-I 

connected for Unipolar Voltage Output with 
Resistive Load. 


To achieve specified drift, connect the internal scaling 
resistor (Rli) as shown in Table V to an external metal 
film trim resistor (Rls) to provide full scale output voltage 
range of 0 to -2V. With Rls = 0, Vqut = -1.82V. 


CCD Input Code: Connect the internal scaling resistors 
as shown in Table V and add an external metal film 


DRIVING A RESISTOR LOAD 
BIPOLAR 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 14, R L = Rli + Rls- Vout is 
determined by: 


/RL x 4.44k ' 

°ut = ±i™a 

here Rl max = 5.72kf2 
QUT max =. ±2.5 V 
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To achieve specified drift, connect the internal scaling 
resistors (Rli) as shown in Table V for the COB or CTC 
codes and add an external metal film resistor (Rls) in 
series to obtain a full scale output range of ±1V. 

With Rls = 0, Vqut = ±0.944V. 



FIGURE 14. DAC80-CBI-I Connected for Bipolar 
Output Voltage with Resistive Load 


DRIVING AN EXTERNAL OP AMP 

The current model DAC80 will drive the summing 
junction of an op amp used as a current to voltage 
converter to produce an output voltage. See Figure 15. 

v OUT = *OUT x r F 


where Iout is the DAC80 output current and Rf is the 
feedback resistor. Using the internal feedback resistors of 
the current model D AC80 provides output voltage ranges 
the same as the voltage model DAC80. To obtain the 
desired output voltage range when connecting an external 
op amp, refer to Table VI. 


1 Output 

1 Range 

Digital 
Input Codes 

Connect 
© to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Conect 

Pin 16 to 

| 

+1 

COB or CTC 

19 

15 

® 

24 

±5V 

COB or CTC 

18 

15 

N.C. 

24 

±2.5V 

COB or CTC 

18 

15 

15 

24 

Oto +10V 

CSB 

18 

21 

N.C. 

24 

0 to +5V 

CSB 

18 

21 

15 

24 

Oto+lOV 

CCD 

19 

N.C. 

® 

24 


TABLE VI. Voltage Range of Current Output DAC80. 



FIGURE 15. External Op Amp - Using Internal 
Feedback Resistors. 


OUTPUT LARGER THAN 20V 
RANGE 

For output voltage ranges larger than ±10 volts, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Iout values of ±lmA for bipolar 
voltage ranges and -2mA for unipolar voltage ranges. See 
Figure 16. Use protection diodes when a high voltage op 
amp is used. 

The feedback resistor, Rf, should have a temperature 
coefficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between Rf and the internal 
scaling resistor network. This will typically add 50 
ppm/°C + Rf drift to total drift. 



* For output voltage swings up to 140V p-p. 


FIGURE 16. External Op Amp - Using External 
Feedback Resistors. 
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COMPUTING TOTAL ACCURACY 
OVER TEMPERATURE 


The accuracy drift with temperature of a DAC80 consists 
of three primary components: Gain drift, unipolar or 
bipolar offset drift, and linearity drift. To obtain the 
worst case accuracy drift, most users would assume that 
all drift errors are random and would simply add them 
algebraically. However, the worst case accuracy drift for 
a DAC80 operating in the bipolar mode is about one-half 
of the algebraic sum of the individual drift errors. 


To explain this fact, it is necessary to consider the 
unipolar and bipolar modes of operation separately. Note 
that the linearity drift of both modes is negligible. (Total 
linearity error is less than ±1/2 LSB over 0°C to ±70°C.) 


In the unipolar mode of operation, offset drift (±1 
ppm/°C) is due primarily to voltage offset drift of the 
output op amp and, to a lesser extent, to the leakage 
current through the quad current switches. Gain drift 
consists of several components: 1) ±10 ppm/°C due to 
ratio drift of current weighting resistors to the reference 
resistor and current switch Vbe to the reference transistor 
(refer to Model 4550 data sheet); and 2) ±20 ppm/°C due 
to the zener reference. The sum of these two components, 
±30 ppm/°C, is the maximum gain drift. 


Because the parameters described could all drift in the 
same direction, the worst case accuracy drift in the 
unipolar mode is simply the sum of the components, or 
±31 ppm/°C. 



FIGURE 17. Simplified Diagram of DAC80 with “All 
Bits Off’ Operating in Bipolar ±10V Range. 


+20 ppm/°C, this is equivalent to (+20 ppm/°C) x 
(+6.3 V) = + 1 26 ju V / °C. This will result in a voltage drift at 
the amplifier output of 

av -fs = _ r f . av REF 
AT r BPO at 

= . . 126mV/°C = -200/jV/°C. 

6.3k 


In the bipolar mode the major portion (67%) of gain drift 
is due to the zener reference. The gain and offset drifts 
caused by reference drift are always in opposite 
directions. Therefore, the accuracy drift will be the 
difference rather than the sum of these drifts. 

First, consider the effect of reference variations on offset 
drift. Figure 17 shows a simplified circuit diagram of a 
DAC80 operating in the bipolar mode with all bits off. 
The current switch leakage current is negligible, so 


V -FULL SCALE " ' • V REF 

= -- . 6.3V =-10 volts 
6.3k 

This equation shows that if Vref increases, the output 
voltage will decrease and vice versa. If the Vref drift is 


Since the DAC80 is operating in the ±10V range this is 
equivalent to (-200jxV/°C) + (20V range) = -10 ppm of 
FSR/°C. 

Now consider the effect of reference changes on gain drift. 
When all of the bits are turned on it can be shown that: 

av+full scale _ + . Vref 

AT RBPO AT 

= + -12L . l 26 mV/°C = +200fiV/°C 
6.3k 

+200|UV/°C 

and 20V Range = +10ppm/ C of FSR ' 


This result indicates that the drift of the minus full scale 
voltage will be equal in magnitude to, and in the opposite 
direction of, the drift of the plus full scale voltage and that 
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FIGURE 18. (a) Effect of a Positive Reference Drift on 
the Ideal Dj A Transfer Function; (b) Error Distribution 
Due to Reference Voltage Drift in a DAC80. 

zener reference variations have virtually no effect on the 
zero point. (See Figure 18) This equation also indicates 
that the gain drift is equal to the Vref drift in ppm/°C, 
and the magnitude of the minus full scale drift and plus 
full scale drift is equal to one-half of the V RE f drift. 


Using this relationship, the worst case accuracy drift for a 
bipolar DAC80 can be computed. The maximum TCR of 
the zener reference is ±20ppm/°C. The gain drift due to 
the reference then is also ±20ppm/°C. The full scale drift 
and bipolar offset drift are each half that amount or 
±10ppm/°C. The maximum gain and offset drifts of the 
DAC80, exclusive of the reference, are ±10 and 
±5ppm/°C respectively. Adding this to the full scale drift 
due to the reference gives a worst case total accuracy drift 
of ±25ppm/°C. (Random drifts, which these are, can be 
in the same direction, so they add directly.) This is much 
less that the total drift obtained by simply adding the 
maximum gain and bipolar offset drifts (±45ppm/°C). 
The maximum zero point drift is equal to one-half of the 
gain drift exclusive of the reference plus the offset drift 
exclusive of the reference, or ±10ppm of FSR/°C. 

The DAC80 is specified over a 0°C to +70°C temperature 
range giving a maximum excursion from room 
temperature (+25°C) of 45°C. Assuming that gain and 
offset errors have been adjusted to zero at room 
temperature, 

total worst case accuracy error 
= Linearity error + Accuracy drift x AT 
= ±0.01% + ±25ppm/°C (45°C) (100) 

= ± 0 . 12 %; 

total worst case bipolar zero point error 
= Bipolar zero drift x AT 
= ± 1 Oppm of FSR% (45°C) ( 1 00) 

= ±0.045% 


ORDERING INFORMATION 


DAC80 

X 

XXX 

X 



~r 


Low Cost 12 Bit D/A Converter 

Z = Wide Supply 

INPUT CODE 

OUTPUT 

Family 

Range 

CBI = Complementary 

V = Voltage 

Example: DAC80-CBI-V 

Blank = Standard 

12 bit binary 

I = Current 

Binary DAC80 


CCD = Complementary 


with voltage output 


3 digit BCD 
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BURR -BROWN® 


DAC82 



8-BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


DESCRIPTION 


The DAC82 is an 8-bit digital-to-analog converter 
with voltage and current outputs. Packaged in an 18- 
pin metal DIP, it is complete with its own internal 
reference and scaling resistors. When used with a 
variable, external reference, the D AC82 will multiply 
in two quadrants. Two versions are available: the 
DAC82BM (-25°C to +85°C) and the DAC82SM 
(-55°C to +125°C). Both offer ±1LSB absolute 
accuracy at room temperature with no external 
adjustments required and nonlineaity is guaranteed 
to be within ±1 /2LSB over the specified temperature 
ranges. The small size of the D AC82 makes it an ideal 
choice for applications where space or weight is at a 
premium such as aircraft instrumentation, portable 
instruments, or CRT displays. 


FUNCTIONAL DIAGRAM 



• 8-BIT RESOLUTION/LINEARITY 

• NO EXTERNAL ADJUSTMENTS REQUIRED FOR 
±1LSB ACCURACY 

• INTERNAL REFERENCE AND SCALING RESISTORS 

• 2-QUADRANT MULTIPLYING WITH 
EXTERNAL REFERENCE 

• HERMETIC, DUAL-IN-LINE PACKAGE 

• OPERATION OVER -55°C/+125°C 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 






ELECTRICAL SPECIFICATIONS 


MECHANICAL 


DIGITAL INPUT 

Resolution 

Logic Levels (TTL compatible) 

Logic “1” 

Logic “0” 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error at 25°C (max) 

-25°C to +85°C (max) 

-55°C to +125°C (max) 

Differential Linearity Error 
Gain Error 
Offset Error 

Total Accuracy Error (max) 

Monotonicity Temp Range 

DRIFT 

Gain (max) 

-25°C to +85°C 
-55°C to +125°C 
Offset 
Unipolar 
-25°C to +85°C 
-55°C to +125°C 
Bipolar (max) 

-25°C to +85°C 
-55°C to +125°C 

CONVERSION SPEED 

Voltage Output 

Settling time to ±0.2% of FSR 
For FSR change 
with lOkft Feedback 
with 5kfl Feedback 
For 1 LSB change 
Slew Rate 
Current Output 
Settling time to ±0.2% 

For FSR change 
10 to lOOfl load 

lkO load 

OUTPUT 

ANALOG OUTPUT 

Voltage Output 
Ranges 

Output Current, min 
Output Impedance (DC) 

Current Output 
Ranges 

Output Impedance - Bipolar 
Unipolar 

Compliance 

INTERNAL REFERENCE VOLTAGE 

Magnitude 

Tempco of Drift, max 

POWER SUPPLY SENSITIVITY 

+15VDC Supply 
-15VDC Supply 


POWER SUPPLY REQUIREMENTS 

Rated Voltage 
Range 

Supply Drain (No load) 

+15VDC 

-15VDC 

TEMPERATURE RANGE 

Specification 

Operating (double above drift specs) 
Storage 


DAC82KG 0AC82SM 
0AC82BM 


+2 < e d < +5.5 at +40 M A 
0 < e<i < +0.8 at -1.0mA 


±0.2 

±0.5 

±0.1 

±0.05 

±1 

-55 to +125 


±2.5, ±5, ±10, +5, +10 
±5 
0.05 


ppm of FSR/°C 
ppm of FSR/°C 


ppm of FSR/°C 
ppm of FSR/°C 


b of FSR/%Vs 
b of FSR/%Vs 


±15 

±14.0 to ±16.0 


-25 to +85 -55 to +125 

-55 to +125 -55 to +125 

-55 to +125 -55 to +125 



T i mm i i 

"JLl J L 

i -i I— 


Pin numbers shown for reference only. 
Numbers are not marked on package. 


CONNECTOR: None 

CASE: Metal (BM, SM) Ceramic (KG) 

PIN: Pin material and plating composition conform 
to method 2003 (solderability) of MIL-STD-883 
(except paragraph 3.2) 

HERMETICITY: Gross Leak (fluorocarbon) Fine 
Leak (helium, 5 x 10 _7 cc/sec) (BM, SM only) 


I ■flllM TEEM I 
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DISCUSSION OF SPECIFICATIONS 


DIGITAL INPUT CODES 

The DAC82 accepts digital inputs in complementary 
binary (CBI) format and may be connected for 
complementary straight binary (CSB) or complementary 
offset binary (COB) operation. By using one external 
inverter, the user can operate the DAC82 in the 
complementary two’s complement (CTC) mode. 


DIGITAL 

INPUT 

CODES 

OUTPUT RANGE 

VOLTAGE* 

CURRENT j 

0 to +10V 

±!0V 

0 to 1.6mA 

1+ 

© 

bo 

3 

> 

MSB LSB 





000000. 0 0 

+9.96 IV 

+9. 922 V 

-1.594mA 

-0.794mA 

0 1 1 1 1 1 1 1 

+5.000V 

0.000V 

-0.800mA 

0.000mA 

10 0 0 0 0 0 0 

+4.961 V 

-78. 12m V 

-0.792mA 

+6. 248 m A 

11111111 

0.000V 

-10.000V 

0.000mA 

+0. 800mA 

one LSB 

39.06mV 

78. 12m V 

6.248juA 

6.248mA 


* To obtain values for other binary (CBI) ranges: 

0 to +5V range: divide 0 to +10 V range values by 2. 
±5V range: divide ±10V range values by 2. 

±2.5 V range: divide ±10V range values by 4. 


TABLE I. Digital Input and Analog Output 
Relationship. 


ACCURACY 


LINEARITY 

The LINEARITY of a D/ A converter is the true measure 
of its performance. The DAC82 analog output will not 
vary by more than ±1 /2 LSB from an ideal straight line 
drawn between the end points (all l’s and all 0’s) over the 
specified temperature range. 


DIFFERENTIAL LINEARITY 

The DIFFERENTIAL LINEARITY error of a D/A 
converter is the deviation from an ideal 1 LSB voltage 
change from one adjacent output state to the next. A 
DIFFERENTIAL LINEARITY error specification of 
±1/2 LSB means that the output voltage can change 
anywhere from 1/2 LSB to 3/2 LSB when the input 
changes from one adjacent digital state to the next. 


DRIFT 

GAIN DRIFT 

GAIN DRIFT is a measure of the change in the analog 
output over temperature expressed in parts per million 
per °C (ppm/°C). The GAIN DRIFT is determined by 
testing the end point differences at the high and low 
temperature extremes and at 25°C for each model, 
calculating the GAIN ERROR with respect to the 25°C 
value, and dividing by the temperature change. 

OFFSET DRIFT 

OFFSET DRIFT is a measure of the actual change in 
output voltage at zero volts output over the specified 
temperature range. The offset voltage is measured at the 
temperature extremes, and the maximum change 
referenced to 25°C is divided by the temperature range. 
This drift is expressed in parts per million of full scale 
range per °C (ppm of FSR/°C). 


SETTLING TIME 

Settling time is the time required for the output to enter 
and remain in an error band equal to ±0.2% of full scale 
range measured from the time the digital input is 
changed. Typical settling time values for full scale 
changes are a function of the load resistor and are shown 
in the figure below. 



FIGURE 1. Settling Time for FSR Change vs Load. 


COMPLIANCE 

The COMPLIANCE VOLTAGE of th. DAC82 is the 
maximum voltage swing allowed on the current output in 
order to maintain the specified accuracy. It is -4.0 to +4.0 
volts for the unipolar and bipolar current ranges. 
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POWER SUPPLY 
SENSITIVITY 


POWER SUPPLY SENSITIVITY is a measure of the 
effect of a power supply voltage change on the D/A 
converter output. It is defined as a percent of 
FSR/ percent of change in either the +15 volt or -15 volt 
power supplies about the nominal power supply voltages. 
Figure 2 shows Power Supply Rejection vs Frequency. 



FIGURE 2. Power Supply Rejection vs. Power Supply 
Ripple Frequency. 


OPERATING INSTRUCTIONS 



To +I5VDC 
Supply 


To -15V DC 
Supply 


POWER SUPPLY 
CONNECTIONS 

DECOUPLING 

For best performance and noise rejection, power supply 
decoupling capacitors should be connected as shown in 
Figure 3. These capacitors should be located close to the 
DAC82 and should be tantalum or electrolytic types 
bypassed with a 0.01 /iF ceramic capacitor for best high 
frequency performance. 


FIGURE 3. Recommended Power Supply Decoupling. 


OPERATION IN THE 
CURRENT OUTPUT MODE 


On the current output pin, the DAC82 provides a 
unipolar output current of 0 to -1.6mA and a bipolar 
output current of ±0.8mA. Refer to Figure 4 and Table II 
for proper connections. In applications requiring the use 
of the DAC82 in the current output mode, such as an 
A/D converter, the internal scaling resistors should be 
used to generate currents corresponding to analog input 
voltages. 


OUTPUT RANGE 

CONNECT PIN 1 TO: 

0 to -1.6mA 

N.C. 

±0.8mA 

Pin 18 


TABLE II. Connections for Current Output Mode. 



FIGURE 4. Current Output Mode Connection Diagram 
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DRIVING AN EXTERNAL OP AMP 


UNIPOLAR OR BIPOLAR - 
UP TO 20V OUTPUT RANGE 

The DAC82 will drive the summing junction of an op 
amp (the op amp being used as a current to voltage 
converter) to produce an output voltage (see Figure 5). 


Vout — Iout x Rf 


where Iout is the DAC82 output current and Rf is the 
feedback resistor. The internal feedback resistors should 
be used to maintain the temperature drift specification. 
Refer to Table III and Figure 5 for proper connections. 


OUTPUT 

DIGITAL 

CONNECT 

CONNECT 

CONNECT 

RANGE 

INPUT CODES 

©TO 

PIN 1 TO 

PIN 16 TO 

±10V 

COB or CTC 

16 

18 

® 

±5V 

COB or CTC 

17 

18 

N.C. 

±2.5V 

COB or CTC 

17 

18 

18 

Oto+lOV 

CSB 

17 

Common 

N.C. 

0 to +5V 

CSB 

17 

Common 

18 


TABLE III. Voltage Ranges of Current Output DAC82 
with External Op Amp. 


OUTPUTS LARGER THAN 20 VOLT RANGE 

For output voltage ranges larger than ±10 volts, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Iout values of ±0.8mA for bipolar 
voltage ranges, and 0 to -1.6mA for unipolar voltage 
ranges (see Figure 6). Use protection diodes when a high 
voltage op amp is used. 



FIGURE 5. External Op Amp - Using Internal 
Feedback Resistors. 



FIGURE 6. External Op Amp - Using External 
Feedback Resistors. 


VOLTAGE OUTPUT OPERATION USING 
INTERNAL AMPLIFIER 


The DAC82 contains internal scaling resistors to provide 
a wide range of output voltage ranges. These resistors 
may be connected to provide 3 bipolar output ranges of 
±10, ±5, or ±2.5 volts or two unipolar output voltage 
ranges of 0 to +5 or 0 to +10 volts. Gain and offset drift 
errors are minimized since these scaling resistors are an 


OUTPUT 

DIGITAL 

CONNECT 

CONNECT 

CONNECT 

RANGE 

INPUT CODES 

PIN 2 TO 

PIN 1 TO 

PIN 16 TO 

±10V 

COB or CTC 

16 

18 

2 

±5V 

COB or CTC 

17 

18 

N.C. 

±2.5V 

COB or CTC 

17 

18 

18 

Oto+lOV 

CSB 

17 

Common 

N.C. 

0 to +5V 

CSB 

17 

Common 

18 


TABLE IV. Voltage Ranges of Current Output DAC82 
with External Op Amp. 


integral part of the DAC. Connections for D AC82 output 
voltage ranges are shown in Table IV and Figure 7 below. 



FIGURE 7. Voltage Output Using Internal Amplifier. 
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OPERATION AS MULTIPLYING DAC 


By using an external voltage reference, the D AC82 can be 
connected as a multiplying DAC, such that the analog 
output represents the product of the digital input and the 
analog reference input. To operate the DAC82 as a two 
quadrant MDAC, connect the unit as shown in Figure 8. 
If R2, the bipolar offset resistor, is replaced with an open 
circuit, the DAC will operate in one quadrant. Table V 
below shows the digital input and analog output 


DIGITAL 

INPUT 

CODES 

OUTPUT RANGE 

VOLTAGE* 

CURRENT | 

MSB LSB 

0 to +10V 

±10V 

0 to -1.6mA 

±0.8mA 

00000000 

< 4 V «XR F ) n 

(4'Vr)(Rf) 

iiS V996,) 

(4 Mo 9922) 

-(0.9961) 

(R.) (0 " 22) 

( Ri) (0.99221 

0111111 

™1o. 5 ooo, 

(Ri) 

0.0000 

(4 V R ) 

(0.5000) 

(Ri) 

0.0000 

10000000 

( 4 v «XH)mrn 

( 4 Vr)(Rf) 

(4 Vr) (0 4961 ) 

( 4 V R ) 

(R.) (0 ' 496l) 

(Ri) ("0-0078) 

(R.) (a496,) 

(Ri) 

11111111 

0.0000 

( 4 Vr)(Rf) 

(Ri) ( ’ 

0.0000 

(4 V R ) 

(-1) 

(Ri) 1 ; 

1 LSB 

™Mo03„ 

(Rl) 

< 4V »*M (0.0078) 
(R.) 

^0.0039) 

(4 Vr) 

(0.0078) 


TABLE V. Digital Input and Analog Output 
Relationship for Multiplying Configuration. 


relationships for one quadrant and two quadrant 
multiplication and Figure 8 shows the connection for 
output voltage or output current. Since the absolute 
temperature coefficient of the internal feedback resistors 
(6.25k) is typically 30 ppm/°C, improved temperature 
stability can be achieved by using an external 13.5k 
resistor connected between pins 2 and pins 18, making no 
connection to pins 16 or 17. 



OPTIONAL EXTERNAL OFFSET 
AND GAIN ADJUSTMENTS 


The DAC82 has been laser trimmed at the factory to insure absolute accuracy 
of 1 LSB at +25°C. However, externally connected offset and gain 
potentiometers may be used to null these error components to zero. If these 
adjustments are not used, simply leave the pins open. Adjustment networks 
should be located physically closed to the DAC82 to minimize signal pickup. 


OFFSET ADJUSTMENT 

For unipolar operation, apply the digital input code that 
should give zero volts output and adjust the OFFSET 
potentiometer for zero volts output. For bipolar 
operation, apply the digital input code that should give 
the maximum negative voltage output. Example: If the 
FULL SCALE RANGE is connected for 20 volts, then 
the maximum negative voltage output is -10 volts. See 
Table I for corresponding codes. 


Offset 


^Pin 18 


ccw 

3.9 Mfl a 

-Wr- l— 


Alternate 
network for 
3.9 Mfl 
resistor: 


CW 

180 kfl 180 kfl 



+15VDC 
10 kfl 
to 

100 kfl 
-15VDC 


Range of adjustment: ±0.2% of FSR 



FIGURE 9. Relationship of OFFSET and GAIN 
Adjustments for a UNIPOLAR D/A Converter. 
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GAIN ADJUSTMENT 

For either unipolar or bipolar D/ A converters, apply the 
digital input that should give the maximum positive 
voltage output. Adjust the GAIN potentiometer for this 
positive full scale voltage. The positive full scale voltages 
for the DAC82 are given in Table V. 


Gain 

Adj. 


Pin 12 




.001 m f 

Common .01 nF 

Pin 14 


33 MO 


CCW 0 + 15VDC 

4 T io kn 


i f ioo kn 
cw 6-15VDC 


Alternate 270 kn 

network for O ' W r 
33 Mn 
resistor 


270 kn 


Range of Offset Adjustment: ±0.2%of FSR 



FIGURE 10. Relationship of OFFSET and GAIN 
Adjustments for a BIPOLAR D/ A Converter. 


APPLICATIONS 


Two DAC82’s can be connected as shown to construct a 
digitally-controlled attenuator which will accept bipolar 
input voltages. Since the input to the DAC is a summing 
junction (pin 1 2), input voltages greater than ± 1 0V can be 
used if Rin is increased proportionately. The transfer 
function is: 


Vqut _ /4 Rfb\/Abinary \ 

Vin ~ \Rin A 256 ) 

T o remove initial gain errors, the two 1 5k resistors should 
be adjusted such that 0.2 mA flows into pin 12 of each 
DAC82 when Vin = 0. 


R.n (50k) 


$ 


msbO- 

/ o- 


V O 

lsbO- 


■“it 






DAC82 

2 



18 


4 5 6 7 8 9 10 11 



r 


\ 0.2mA 


4 5 6 7 8 9 10 11 


Rfb 


Vin ABinary 

— O Voit = 4( ) ( — — — ) Rfe 

Rin 256 


* Adjust for 0.2mA 
bias into pin 12 
of each DAC with 
zero volts input. 


DIGITALLY CONTROLLED ATTENUATOR WITH BIPOLAR INPUT 
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Hybrid Microcircuit 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

•12-BIT RESOLUTION 
•LASER-TRIMMED TO ±1/2LSB LINEARITY 
•CURRENT OR VOLTAGE OUTPUT 

•FAST SETTLING - 300nsec to ±.01% 

(Current Output Model) 

•HERMETIC DUAL-IN-LINE PACKAGE 

• LOW COST 

DESCRIPTION 

The DAC85 12-bit D/A converter offers quality 
performance usually found in larger modular units. 

Housed in a 24-pin dual-in-line metal case, this D/ A 
converter is complete with internal reference and 
output amplifier and is engineered to preserve the 
performance normally found only in much larger, 
higher cost modular units, while providing sealed 
protection from rugged environments. 

Highly stable laser-trimmed thin-film resistors and 
our Model 4550 quad current switches provide low 
nonlinearities of ±0.012% over 0°C to 70°C 
(DAC85C) and ±0.012% over -25°C to +85°C 
(DAC85 and DAC85LD) operating temperature 
ranges. Current output models settle to ±0.01% in 
300nsec while voltage output models settle to ±0.01% 
in 5/usec, permitting throughput rates as high as 
3MHz for full scale range changes. 

The small size of the D AC85 makes it an ideal choice 
as the heart of your A/D converter design or for 
applications where space or weight is at a premium, 
such as CRT displays, aircraft instrumentation and 
portable instruments. The wide choice of 
performance models allows you to choose the right 
unit for your application and budget. 

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-300D 
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SPECIFICATIONS 


Typical at 2 5°C and rated power supplies unless otherwise noted. 



MODEL 

0AC8SC 

DAC85 

OAC85LD 

Units 

BTiiarv 

CBI 


CBI 


CBI 

Decimal 


CCD 


CCD 


INPUT 

: i 

DIGITAL INPUT 

Resolution 

Logic Levels (TTL compatible) 
Logic “ 1 ” ( 1 ) 

Logic “0”(2) 

12 

3 

12 

3 

12 

Bits 

Digits 

+2 < e d < +S.5 at +40 jjA 

0 < e d < +0.8 at -1.0 mA 

V 

V 

TRANSFER CHARACTERISTICS 

| 

ACCURACY 

Linearity Error @ 25°C (max) 

0°C to +70°C (max) 

-25°C to +85°C (max) 

Differential i-inearity Error 

Gain Error t 3 ) 

Offset Error^) 

Minimum Temperature Range for 
Guaranteed Monotonicity 

± 1/2 

± 1/2 

±1/4 

± 1/2 

± 1/2 

± 1/2 

±1/4 

± 1/2 

± 1/2 

± 1/2 

LSB 

LSB 

LSB 

LSB 

% of FSR ( 4 > 

± 1/2 

± 0.1 

±0.05 

0 to +70 

-25 to +85 

°C 

DRIFT(s) 

Gain 

0°C to +70°C (max) 

-2 5°C to +85°C (max) 

Offset 

Unipolar 0°C to +70°C 

-2 5°C to +85°C 

Bipolar 0°C to +70°C (max) 

-2 5°C to +85°C(max) 

±10 

20 

±10 

20 

20 

1 

±10 

±10 

±1 

±5 

ppm/°C 

PPm/°C 

ppm of FSR/°C 
ppm of FSR/°C 

ppm of FSR/°C 
ppm of FSR/°C 

Conversion speed j 

Voltage Models 

Settling time to ±0.01% of FSR 
for FSR change 
with 10 kft Feedback 
with 5 kft Feedback 
for 1 LSB change 

Slew Rate 

Current Models 

Settling time to ±0.01% of FSR 
for FSR change 

10 to 100 ft load 

1 kft load 

5 

3 

1.5 

20 

300 

1 

usee 

usee 

usee 

V/usec 

nsec 

usee 

1 OUTPUT 

ANALOG OUTPUT 

Voltage Models 

Ranges — CBI Units 

CCD Units 

Output Current (min) 

Output Impedance (dc) 

Current Models 

Ranges 

Output Impedance - Bipolar 
Unipolar 

Compliance 

Internal Reference Voltage (V r ) 
Max. External Current( 6 ) 

Tempco of Drift (max) 

±2.5, ±5, ±10, +5, +10 
+ 10 
±5 

0.05 

± 1.-2 

4.4 

15 

±2.5 

6.3 

200 

±10 |±10 (±10 | ±10 | ±5 

V 

V 

m A 

ft 

mA 

kft 

kft 

V 

V 

UA 

ppm of V r /°C 

POWER SUPPLY SENSITIVITY 

+ 15V Supply 

-15 and +5V Supplies 

± 0.02 

± 0.002 

% of FSR/% Vs 
%of FSR/%Vs 

POWER SUPPLY 

REQUIREMENTS 

Rated Voltage 

Range 

Supply Drain 

±15 V (including 5 mA load) 

+5 V 

±15 and +5 . . 

±14.5 to ±15.5 and +4.75 to +15.5* * 

±25 
+ 20 

V 

V 

m A 
mA 

TEMPERATURE RANGE 

Specification 

Operating(double above drift specs) 
Storage 

0 to +70 
-2 5 to +85 
-55 to +100 

-25 to +85 
-25 to +85 
-55 to +100 



1 . Logic “I ” current = 40*iA max at V IN =* +5.0V 

2. Logic "0” current = -1 .6mA max at Vin = +0.4V 

3. Adjustable to zero with external trim potentiometer. 

4. FSR means “full scale range”and is 20V for±IOV range. 10V for±5V range etc. 
3. To maintain drift spec internal feedback resistors must be used for current 

output models. 

6 . With no degradation of specifications. 

7. Operating logic supply at +15.5V increases power dissipation 200mW. 


|5.6mmi 35.6mm 

(0.22") L— — (1.40") 


MECHANICAL 



D/A CONVERTER 

BURR -BROWN 

HeSsI 

DAC85-CBI-V 


(TOP 
VI KW) 


CASE: Kovar, Gold or Nickel Plated 
MATING CONNECTOR 245MC 
PIN: Pin material and plating composition conform 
to method 2003 (solderability) of MIL-STD-883 
(except paragraph 3.2) 

WEIGHT: 8.4 grams (0.3 oz.) 


CONNECTION DIAGRAM 

(VOLTAGE MODELS) 


(MSB) 

Bit 1 Q| 


Bit2 ©H-i 

Bit3 ©H 

Bit 4 


@H 


Bi,s ©H i 


Bit 

Bit 9 ®M 

Bit 10 @ 

Bit 11 d—T 


Bit 12 ©I 
(LSB) 1 


12 Bit 

Bit6 Ladder 

I Resistor 
* Network 

Bit7 ©H and 


r£T 


X 

Ref. 


Control 


Circuit 


nn 


/Oil Current 
V°Tl Switches 


6.3V Ref. 
ifcy Out 


| C.ain 
Adjust 




n 



1+15 Vdc 
) Common 


lOi Summing 
Juction 

5 kfi 

f-NV*-|© 20V Rangel 
Note 2 | l 

J© 10V Rangel 


gy f f lar 


'set 

J© Ref. Input 

5 ) Voltage 
Output 

|@ -15 Vdc 

+ 5 Vdc 


Note 1: Amplifier not included in current output 
models. 

Note 2: 3 kft for CCD models 

5 kft for CBI models 


6-171 







DISCUSSION OF SPECIFICATIONS 


DIGITAL INPUT CODES 

The DAC85 accepts complementary digital input codes in 
either binary (CBI) or decimal (CCD) format. The CBI 
model may be user connected for any one of three comple- 
mentary binary codes: CSB, CTC, or COB. 



DIGITAL INPUT 

ANALOG OUTPUT j 


MSB LSB 

CSB 

Compl. 

Straight 

COB 

Compl. 

Offset 

CTC* 

Compl. 

Two’s 

■6 


Binary 

Binary 

Compl. 


000000000000 

+Ful| Scale 

+Full Scale 

-LSB 


01 1 1 1 1 1 1 1 1 11 

+1/2 Full Scale 

Zero 

-Full Scale 

05 

100000000000 

Mid Scale -1 LSB 

-1 LSB 

+Full Scale 


1 1 1 1 1 1 1 1 1 1 1 1 

Zero 

-Full Scale 

Zero 

/: 

V 

y 

MSB LSB 

CCD 

Complementary Coded Decimal - 3 Digits 


0110 0110 0110 
mi mi mi 


+Fuli Scale 
Zero 



* Invert the MSB of the COB code with an external inverter to obtain 
CTC code. 


TABLE 1. Digital Input Codes. 

ACCURACY 

LINEARITY 

The linearity of a D/A converter is the true measure of its 
performance. The linearity error of the DAC85 and DAC- 
85C is specified over the entire specification temperature 
ranges. The definition of this specification means that the 
analog output will not vary by more than + 1/2LSB from an 
ideal straight line drawn between the end points (all bits ON 
and all bits OFF) over the specified operating temperature 
range. 


DIFFERENTIAL LINEARITY 

Differential linearity error of a D/A converter is the devia- 
tion from an ideal 1 LSB voltage change from one adjacent 
output state to the next. A differential linearity error speci- 
fication of ±1/2 LSB means that the output voltage can 
change anywhere from 1/2 LSB to 3/2 LSB' when the 
input changes from one adjacent input state to the next. 

DRIFT 

GAIN DRIFT 

GAIN DRIFT is a measure of the change in the full scale 
range analog output over temperature expressed in parts per 
million per °C (ppm/°C). The GAIN DRIFT is determined 
by testing the end point differences at-25°C or 0°C, +25°C 
and +70°C or +<§5°C for each model and calculating the 
GAIN ERROR with respect to the 25 °C value and dividing 
by the temperature change. This specification is expressed 
inppm/°C. 


OFFSET DRIFT 

OFFSET DRIFT is a measure of the actual change in the 
output with all bits OFF (V^ipover the specified temp- 
erature range. is measured at -25°C or 0°C,+25°C 

and +70°C or +85 °C. The maximum change in OFFSET 
is referenced to the OFFSET at 25°C divided by the temp- 
erature range. This drift is expressed in parts per million 
of full scale range per °C. (ppm of FSR/°C). 

SETTLING TIME 

The settling time for each model DAC85 is the total time 
(including slew time) for the output to settle to within an 
error band about its final value after a change in the input. 

VOLTAGE OUTPUT MODELS 

Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes of 
20V and 10V and also for a 1 LSB change. The 1 LSB 
change is measured at the major carry (0111 ... 11 to 
1000 ... 00) since this is the point where the worst case 
settling time occurs. 

CURRENT OUTPUT MODELS 

Two settling times are specified for current output models; 
each specified settling time to ±0.01% of FSR is given for 
the DAC85 current models connected with two different 
resistive loads — i.e., 10 to 100 ohms and 1000 to 1875 
ohms. Internal resistors are provided for connecting nominal 
load resistances of approximately 1000 ohms to 1800 ohms 
for output voltage ranges of ±1 volt and 0 to -2 volts. (See 
Table 4) 

COMPLIANCE 

The compliance voltage of the DAC85 is the maximum volt- 
age swing allowed on the current output mode in order to 
maintain the specified accuracy; it is ±2.5 volts for the bi- 
polar current range of ±1.0 mA and is -2.5 volts for the uni- 
polar current range of 0 to -2 mA. The maximum safe volt- 
age swing allowed with no damage to the DAC85 output is 
±5 volts for current output models. 



FIGURE 1. Full Scale Range Settling Time vs. Accuracy. 
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POWER SUPPLY SENSITIVITY 


POWER SUPPLY SENSITIVITY is a measure of the 
effect of a power supply voltage change on the D/A con- 
verter output. It is defined as a percent of FSR per 
percent of change in either the +1 5 volt or -1 5 volt and +5 
power supplies about the nominal power supply voltages. 
Figure 2 shows Power Supply rejection vs. frequency. 


REFERENCE SUPPLY 



.001 1 ... .1 1 1 — 1 1 

1 10 100 lk 10k 100k 


Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs. Power Supply Ripple 
Frequency. 


All DAC85 models are supplied with an internal 6.3 volt 
reference voltage supply. This reference voltage (pin 24) 
has a tolerance of ±5%, and must be connected to the 
Reference Input (pin 16) for specified operation. 


This reference may also be used externally, but the current 
drain is limited to 200 juA. An external buffer amplifier is 
recommended if the DAC85 internal reference will be externally 
used in order to provide a constant load to the reference supply 
output. 


ORDERING INFORMATION 


DAC85 XX - 



12-Bit D/A Converter C = 0 to +70°C Model 


Family 

Example: DAC85-CBI-V 
DAC85 with voltage output, 
Binary code and -25 °C to 
+85°C temp, range. 


LD = Low drift -25°C to 
+85°C Model 
Leave blank for-25°C 
to +85°C Model 


XXX - X 



INPUT CODE OUTPUT 

CBI = Complementary V = Voltage 

12-bit binary I = Current 

CCD = Complementary ( not available 

3-digit BCD (not available for LD model) 
for DAC85LD 


OPERATING INSTRUCTIONS 


DIGITAL INPUT AND 
ANALOG OUTPUT RELATIONSHIP 


Digital Input 
Codes 

Output Range j 

Voltage * 

Current 

Oto+IOV 

±10V 

0to-2mA 

±1 mA 

Binary (CBI) 

12 bit resolution 
One LSB 

All bits ON 

All bits OFF 

+2.44 mV 
+9. 9976V 
Zero 

4.88mV 
+9.995 1 V 
-10.000V 

0.488/LtA 

-1.9995mA 

Zero 

0.488mA 
-0.9995 mA 
+ 1. 0000mA 

Decimal (CCD) 

3 digit resolution 
One LSB 
+ FS bits ON 

All bits OFF 

10 mV 
+ 9.99Vt 
Zero 

N/A 

1.25 mA 
-1.249mA 
Zero 

N/A 


TABLE 2. Ideal Output Voltage and Current. 

fNormal full scale range with correct codes;.output can go to +12 
volts if illegal codes are applied. 

*To obtain values for other binary (CBI) ranges: 

0 to +5V range: divide 0 to +10V range values by 2. 

±5V range: divide ±10V range values by 2. 

±2.5V range: divide ±10V range values by 4. 


POWER SUPPLY CONNECTIONS 

DECOUPLING 

For best performance and noise rejection, power supply 
decoupling capacitors should be connected as shown in 
Figure 3. These capacitors should be located close to the 
DAC85 and should be tantalum or electrolytic types by- 
passed with a 0.01 juF ceramic capacitor for best high fre- 
quency performance. 



FIGURE 3. Recommended Power Supply Decoupling. 
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EXTERNAL OFFSET and GAIN ADJUSTMENT 

Offset and gain may be trimmed externally by the user with externally connected 
OFFSET and GAIN potentiometers. If gain and offset adjust circuits are not used, 
pins 15, 20, and 23 should be connected as described in other sections herein. (Do not 
ground.) Connection of the potentiometers and the methods of adjutments is as 
outlined below. Potentiometer resistance values indicated are range of values. 
Potentiometers should have TCR of 100ppm/°C or less. The 3.9MO and 18MH 
resistors can be 20% carbon composition or better. These two resistors should be 
located close to the DAC85 to prevent signal pickup. 


OFFSET ADJUSTMENT 


GAIN ADJUSTMENT 


For unipolar (CSB, CCD) D/A converters, apply the digital 
input code that should give zero volts output and adjust the 
OFFSET potentiometer for zero volts output. For bipolar 
(COB, CTC) D/A converters, apply the digital input code that 
should give the maximum negative voltage output. Example: 


If the FULL SCALE RANGE is connected for 20 volts, 
then the maximum negative voltage output is -10 volts. See 
Table 2 for corresponding codes. 

✓ Pin 20 for V Models, CCW 

Pin 1 5 for I Models 4 

Offset Q I — 

3.9 T 

Range of Offset Adjustment : ±0.2% of FSR CW 




For either unipolar or bipolar D/A converters, apply the 
digital input that should give the maximum positive voltage 
output. Adjust the GAIN potentiometer for this positive 
full scale voltage. The positive full scale voltages for the 
DAC85 are given in Table 2. ccw 


Gain 

Adj. .001 /uF 

to 

01 juF 


-V/r 


21 

Common 


O^' 


CW 



Range of Adjustment: ±0.3% of FSR 



FIGURE 4. Relationship of OFFSET and GAIN Adjustments 
for a UNIPOLAR D/A Converter. 


FIGURE 5. Relationship of OFFSET and GAIN Adjustments 
for a BIPOLAR D/A Converter. 


VOLTAGE OUTPUT MODELS 


OUTPUT RANGE CONNECTIONS 

Internal scaling resistors are provided in the DAC85 to pro- 
vide a wide range of output voltage range connections. 
These internal resistors may be connected to provide three 
bipolar output voltage ranges of ±10, ±5 or ±2.5 volts or 
two unipolar output voltage ranges of 0 to +5 or 0 to +10 



FIGURE 6. Output Amplifier Voltage Range Scaling Circuit. 

*pin 17 not connected for CCD models. The 6.3 k£2 resistor is 
internally connected to common. 


volts. Since these internal scaling resistors are an integral 
part of the DAC85, gain and offset drift is minimized. 
Connections for DAC85 output voltage ranges are shown 
in Table 3. 


Settling time for these voltage ranges is specified for a full 
scale range change, and is 5 microseconds for 8 k£2 or 10 k £2 
and 3 microseconds for a 5 k£2 feedback resistor. 


Output 

Range 

Digital 
Input Codes 

Connect 
Pin 1 5 to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 
Pin 16 to 

±10 

COB or CTC 

19 

20 

15 

24 

±5 

COB or CTC 

18 

20 

N.C. 

24 

±2.5V 

COB or CTC 

18 

20 

20 

24 

0 to +10V 

CSB 

18 

21 

N.C. 

24 

0 to +5V 

CSB 

18 

21 

20 

24 

0 to +10V 

CCD 

19 

N.C. 

15 

24 


TABLE 3. Output Voltage Range Connections - Voltage 
Model DAC85. 
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CURRENT OUTPUT MODELS 


Internal resistors are provided either for scaling an external 
op amp to the same voltage ranges as the voltage model 
DAC85 or for configuring a resistive load to provide two 
output voltage ranges of ±1 volt or 0 to -2 volts. These 
internal resistors (Rpj) are an integral part of the DAC85 
design, and are required to maintain the gain and bipolar 
offset drift specifications of the DAC85. If the internal 
resistors are not used, external Rp or Rp resistors should 
have ±25 ppm/°C or less temperature coefficient to mini- 
mize drift. 


Ref. In I — ► To ref. control ckt. 

>6 0 1 


I8Q 


-AAA r- 


) f — w 

* V/»- - ( 

i 3kfl 

2 k n 

v_r.i 

( 


-O 17 
-O 19 


Ref. In 
160“ 


-tr 


“°~T 

I5Q ^ 


6.3kfl 

-Wy— 

3kfl 

-AA/V- 


(B) DAC85-CCD-I 


Internally 

— ^tiied to Common 


Q20N.C. 

O | 7 N -C- 


FIGURE 7. Internal Scaling Resistors. 


The current model DAC85 equivalent output circuit and 
resistive scaling network is different from the voltage model 
DAC85, and is shown in Figure 7 and 8 for reference. 

Instructions for using the DAC85-xxx-I with either a resistive 
load or an external op amp are on the following pages. 
External Rp$ or RlP resistors are required to give exactly 
0 to-2V or ±1V output range. These resistors should have 
a TCRof ±100 ppm/°C or less. If these exact output ranges 
are not required, Rp$ (or Rjjp) need not be used as dis- 
cussed below. 



FIGURE 8. DAC85 Current Model Equivalent Output Circuit. 


Voltage Output Using Resistive Load 


UNIPOLAR 

BINARY INPUT CODE(CSB) 


A load resistance Rp connected to the output as shown in 
Figure 9, will generate a voltage range, VQpp, determined 

by: „ „ „ /l5kxl ' 

v OUT =_2mA f 


/ 15 kxR L \ 
\ 15 k + R L / 


where Rp max = 1 .36 k£2 
and Vquj max =-2.5 volts 

For minimum drift as specified, the internal scaling resistor 
(Rpi) should be connected as shown in Table 4 for the CSB 
code with a series connected external metal film full scale 
trim resistor (Rpg) to provide a full scale output voltage 
range of 0 to -2 volts. With Rpg = 0, Vqpjj = -1.82V. 


BCD INPUT CODE (CCD) 

Connect the internal scaling resistors as shown in Table 4, 
and add an external parallel connected metal film resistor 
(Rpp) as shown in Figure 10 to obtain a 0 to -2 volt full 
scale output voltage range for CCD input codes. With Rpp 

= oo,v 0UT = -2.08V. 



FIGURE 9. Equivalent Circuit DAC85-CBI-I connected for 
Unipolar Voltage Output with Resistive Load. 



FIGURE 10. DAC85-CCD-1 Connected for Voltage Output 
with Resistive Load. 


Input 

Code 

Output 

Voltage 

Range 

Internal 

Resistance 

r LI 

1% Metal Film 

Rpi Connections 

Reference 

Bipolar Offset j 

External 

r ls 

Resistor 

r lp 

Connect 
Pin 15 to 

Connect 
Pin 18 to 

Connect 
Pin 20 to 

Connect 
Pin 16 to 

Connect 
Pin 17 to 

r ls 

■m 

CSB 

0 to-2V 

0.968 kft 

105 ft 

N/A 

20 

HjjgHgj 

15 

24 

21 

(Com) 

Between pin 
18 & 21 


CCD 

0 to-2V 

1.875 kft 

N/A 


19 

BUM 

HsU 

24 


N/A 

Between pin 
15 & 21 

COB or 
CTC 

±1V 

1.2 kft 

90.9 ft 

ESI 

18 

19 

BH 

24 


Between pin 
20 & 21 

N/A 


TABLE 4. DAC85X - XXX - 1 Resistive Load Connections. 
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BIPOLAR 

COB and CTC INPUT CODES 


The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 11. Vqut is determined by: 


VqUT = mA x 


( 


R l x 4.44 k ^ 
Rl + 4.44 k / 


where Rj^ max = 5.72 k£2 
Vqut max = *2.5 volts 


For minimum drifts (as specified) the internal scaling resistors 
(Ry) are connected as shown in Table 4 for the COB or 
CTC codes and an external series connected metal film 
resistor (R^s) is added to obtain a full scale output voltage 
range of ±1 volt. With Ry ^ = 0, VQ{jp = ±0.944V. 



SETTLING TIME FIGURE 1 1 . DAC85-CBI-I Connected for Bipolar Output 

The current output DAC85 models have a specified settling Voltage with Resistive Load. 

time of 300 nanoseconds with a 100 ohm load. Settling time 

increases as the load resistance increases due to the RC time 

constant of Rj^ and the summing junction capacitance. 


Driving an External Op Amp 


UNIPOLAR or BIPOLAR - Up to 20V Output Range 

The current model DAC85 will drive the summing junction 
of an op amp (the op amp being used as a current to voltage 
converter) to produce an output voltage (see Figure 12): 

v OUT =-I x R F 

where IquT is the DAC85 output current and Rp is the 
feedback resistor. Use of the internal feedback resistors of 
the DAC85 will provide the same output voltage ranges as 
the voltage model DAC85. Table 5 must be used for con- 
necting the external op amp to obtain the desired output 
voltage range. 



Output 

Digital 

Connect 

Connect 

Connect 

Connect 

Range 

Input Codes 

®to 

Pin 17 to 

Pin 19 to 

Pin 16 to 

±10V 

COB or CTC 

19 

15 

® 

24 

±5V 

COB or CTC 

18 

15 

N.C. 

24 

±2.5V 

COB or CTC 

18 

15 

15 

24 

0 to + 10V 

CSB 

18 

21 

N.C. 

24 

0 to +5V 

CSB 

18 

21 

15 

24 

Oto+lOV 

CCD 

19 

N.C. 

® 

24 


TABLE 5. Voltage Ranges of Current Output DAC85 with 
External Op Amp. 


OUTPUTS LARGER THAN 20 VOLT RANGE 

For output voltage ranges larger than ±10 volts, a high volt- 
age op amp may be employed with an external feedback 
resistor. Use IoUT va l ues of ± 1 mA for bipolar voltage 
ranges, and -2 mA for unipolar voltage ranges (see Figure 
13). Use protection diodes when a high voltage op amp is 
used. 


FIGURE 12. External Op Amp - Using Internal Feedback 
Resistors. 



FIGURE 13. External Op Amp * Using External Feedback 
Resistors. 
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BUILDING AN A/D CONVERTER 


The small size and good performance of the DAC85 
makes it an excellent component for building A/D 
converters. The most popular medium speed (1 
li sec/bit to 10 jusec/bit) A/D converter is the suc- 
cessive approximations type, in which the digital 
output equivalent of the analog input is formed by 
comparing a programmed D/A converter output 
with the analog input. The digital output is suc- 
cessively compared one bit at a time until the final 
comparison is within ± 1/2 bit of the resolution of 
the D/A converter. 

The conversion speed of a successive approximation 
A/D converter constructed around a DAC85 is de- 
termined by the settling speed to ±1/2 LSB, the 
speed of the comparator, and the switching speed 
of the successive approximations logic. The A/D 
converter shown in Figure 14 will convert at speeds 
in excess of 60 kHz for 12 bits and near 80 kHz 
for 10 bits. 



FIGURE 14. 12-Bit Successive Approximation A/D Converter. 
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DAC85 




Monolithic Microcircuit 
DIGITAL -TO-ANALOG CONVERTER 


FEATURES 

• 8-BIT RESOLUTION 

• CURRENT OUTPUT 

• FAST SETTLING 

200nsec to ±0.2% 

• HERMETIC DUAL-IN-LINE PACKAGE 

• LOW COST 

• INTERNAL REFERENCE AND SCALING RESISTORS 

DESCRIPTION 

The DAC90 is an 8-bit D/A Converter that offers 
performance usually found only in larger, modular 
units. Housed in a 16-pin ceramic dual-in-line 
package, the DAC90 is complete with its own 
internal reference and scaling resistors. 

Two versions are available: the DAC90BG (-25°C to 
+85°C) and DAC90SG (-55°C to +125°C) both offer 
±0.2% nonlinearity over their respective temperature 
ranges. Settling time to ±0.2% is typically 200nsec. 
The small size of the D AC90 makes it an ideal choice 
as the heart of your A/D converter design or for 
applications where space or weight is at a premium, 
such as CRT displays, aircraft instrumentation, and 
portable instruments. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 ■ Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-347B Printed in U.S.A. July, 1978 
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SPECIFICATIONS 


Typical at 25°C and rated power supplies unless otherwise noted. 


ELECTRICAL 

MODEL 

DAC90BG 

DAC90SG 

UNITS 

DIGITAL INPUT 

. Resolution 

8 

8 

Bits 

Logic Levels (TTL-compatible) 




Logic “1” 

+2 < e<j < +5.5 at +40/iA 

V 

Logic “0” 

0 < e<i < +0.8 at -1 ,0mA 

V * 

| TRANSFER CHARACTERISTICS | 

ACCURACY 

Linearity Error at 25°C, max 

±1/2 

±1/2 

LSB 

-25°C to +85°C, max 

±1/2 


LSB 

-55°C to +125°C, max 


±1/2 

LSB 

Differential Linearity Error 

±1/2 

±1 2 

LSB 

Gain Error (1) 

Offset Error (1) 

5 

1 

5 

1 

% of FSR(2) 

Minimum Temperature Range for 

-25 to 

-55 to 


Guaranteed Monotonicity 

+85 

+ 125 

°C 

DRIFT (3) 




Gain 




-25°C to +85°C 

±50 


ppm/°C 

-55°C to +125°C 

Offset 


±50 

ppm/°C 

U nipolar 




-25°C to +85°C 

±J 


ppm of FSR/°C 

-55°C to + 1 25°C 

Bipolar 


±1 

ppm of FSR/°C 

-25°C to +85°C 

±50 


ppm of FSR/°C 

-55°C'to + I25°C 


±50 

ppm of FSR/°C 

CONVERSION SPEED 




Settling time to ±0.2% of FSR 




for FSR change 




100 to 1000 load 

200 

nsec 

IkH load 

300 

nsec 

ANALOG OUTPUT 




Ranges 

±1, 

0 to -2 

mA 

Output Impedance — Bipolar 

1.8 

kil 

Unipolar 

2 

kn 

Compliance 

-4 to 

+4 

V 

Internal Reference Voltage (V r ) 

1.6 

V 

Tempco of Drift 

±50 

±50 

ppm of V r /°C 

POWER SUPPLY SENSITIVITY 




+ 15VDC 

±0.02 

% of FSR/%Vs 

-15V DC 

±0.002 

% of FSR/%Vs 

POWER SUPPLY 
REQUIREMENTS 

Rated Voltage 

± 

5 

VDC 

Range 

±14.5 to ±15.5 

VDC 

Supply Drain 




±15VDC 



mA 

TEMPERATURE RANGE 

Specification 

-25 to +85 

-55 to +125 

°C 

Operating 

-55 to +125 

-55 to +125 

"C 

Storage 

-55 to +125 

-55 to +125 

c 


1. Adjustable to zero with external trim potentiometer. 

2. FSR means “full scale range” and is 20V for ±10V range, 10V for ±5V range, etc. 

3. To maintain drift spec internal feedback resistors must be used. 

4. Connect to ground if gain adjust circuit is not used. 


MECHANICAL 




Leads in true position within .010" 
(.25mm) R @ MMC at seating plane. 


UJJ 

HEZQSSHI 


MAIM 

mss 

K2Q2H 


I3H 

WTPj. 

HDEH 

E3G31 

wmc^M 


HE91 

■QZH 

■ni 

KE9 

EH 

1391 

E3H 

9E9 

H39 

HH 

mm 


H9 

HE9 

191 

RSEED9HI 


EH 

ESH 

EBSH 


Hd 

HH 





191 

KTFWK 



HHI 

HH 



EH 

— 

HE9 

H 

HEH 

EH 

IE9H 

KBH 

1W 



CONNECTOR: None CASE: Ceramic, with hermetic 
seal. PIN: Pin material and plating composition 
conform to method 2003 (solderability) of MIL-STD- 
883 (except paragraph 3.2) HERMETICITY: Fluoro- 
carbon (gross leak) and Helium 5 x 10' 7 cc/sec (fine 
leak). 
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DISCUSSION OF SPECIFICATIONS 


DIGITAL INPUT CODES 

The DAC90 accepts digital inputs in complementary 
binary (CBI) format and may be connected for 
complementary straight binary (CSB) or complementary 
offset binary (COB) operation (see Table I). By using one 
external inverter, the user can operate the DAC9G in the 
complementary two’s complement (CTC) mode. 


DIGITAL 

INPUT 

CODES 

OUTPUT RANGE 

VOLTAGE* 

CURRENT ! 

Oto+IOV 

+ 10V 

0 to -2mA 

+ 1mA 

MSB LSB 





OOOOOOOO 

+ 9.961 V 

+ 9. 922V 

-1 ,992mA 

-0.992mA 

0 1111111 

+ 5.000V 

0.000V 

-1 .000mA 

0.0000mA 

1 0 0 0 0 0 0 0 

+4.961 V 

-78.1 2mV 

-0.99 mA 

+7.81 mA 

11111111 

0.000V 

-10.000V 

0.000mA 

+ 1 ,000mA 

one LSB 

39.06mV 

> 

E 

CM 

CO 

7.81mA 

7.81 ju A 


* Requires external amplifier. To obtain values for other binary 
(CBI) ranges: 0 to +5V range: divide 0 to +10V range values by 2. 


15V range: divide + 10V range values by 2. 

+ 2. 5V range: divide ±10V range values by 4. 


TABLE I. Digital Input and Analog Output Relationship. 


ACCURACY 

LINEARITY 

The LINEARITY of a D/A converter is the true measure 
of its performance. The DAC90 analog output will not 
vary by more than ±1/2LSB from an ideal straight line 
drawn between the end points (all l’s and all 0’s) over the 
specified temperature range. 

DIFFERENTIAL LINEARITY 

DIFFERENTIAL LINEARITY error of a D/A 
converter is the deviation from an ideal 1LSB voltage 
change from one adjacent output state to the next. A 
DIFFERENTIAL LINEARITY error specification of 
±1/2LSB means that the output voltage can change 
anywhere from 1/2LSB to 3/2LSB when the input 
changes from one adjacent digital state to the next. 

DRIFT 

GAIN DRIFT 

GAIN DRIFT is a measure of the change in the analog 
output over temperature expressed in parts per million 
per °C (ppm/°C). The GAIN DRIFT is determined by 
testing the end point differences at the high and low 
temperature extremes and at 25°C for each model, 
calculating the GAIN ERROR with respect to the 25 l, C 
value, and dividing by the temperature change. 


OFFSET DRIFT 

OFFSET DRIFT is a measure of the actual change in 
output voltage (using an external amplifier) at zero volts 
output over the specified temperature range. The offset 
voltage is measured at the temperature extremes, and the 
maximum change referenced to 25°C is divided by the 
temperature range. This drift is expressed in parts per 
million of full scale range per °C (ppm of FSR/°C). 

SETTLING TIME 

Settling time is the time required for the output to enter 
and remain in an error band equal to ±0.2% of full scale 
range measured from the time the digital input is 
changed. Typical settling time values for full scale 
changes are a function of the load resistor and are shown 
in the figure below. 





Settling Time 
to ±0.2% of FSR ( nsec i 

-*■ ru co 

o o o 

o o o 








































0 

























































































100 Ik 10k 100k 

Load Resistor i (1 


FIGURE 1. Settling Time for FSR Change vs Load. 


COMPLIANCE 

The COMPLIANCE VOLTAGE of the DAC90 is the 
maximum voltage swing allowed on the current output in 
order to maintain the specified accuracy; it is -4.0V to 
+4.0V for the unipolar and bipolar current ranges. The 
maximum safe voltage swing allowed with no damage to 
the DAC90 output is -4.0V to + 15.0V. 
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POWER SUPPLY 
SENSITIVITY 


POWER SUPPLY SENSITIVITY is a measure of the 
effect of a power supply voltage change on the D/A 
converter output. It is defined as a percent of 
FS R / percent of change in either the + 1 5 volt or - 1 5 volt 
power supplies about the nominal power supply voltages. 
Figure 2 shows Power Supply Rejection vs Frequency. 



FIGURE 2. Power Supply Rejection vs. Power Supply 
Ripple Frequency. 


OPERATING INSTRUCTIONS 


POWER SUPPLY 
CONNECTIONS 

DECOUPLING 

For best performance and noise rejection, power supply 
decoupling capacitors should be connected as shown in 
Figure 3. These capacitors should be located close to the 
DAC90 and should be tantalum or electrolytic types 
bypassed with a 0.01 /zF ceramic capacitor for best high 
frequency performance. 



To +15VDC 
Supply 


To -1 5 V DC 
Supply 


FIGURE 3. Recommended Power Supply Decoupling. 


OPERATION IN THE 
CURRENT OUTPUT MODE 


In the current output mode, the DAC90 provides a 
unipolar output current of 0 to -2mA and a bipolar 
output current of ±lmA. Refer to Figure 4 and Table II 
for proper connections. In applications requiring the use 
of the DAC90 in the current output mode, such as an 
A/D converter, the internal scaling resistors should be 
used to generate currents corresponding to analog input 
voltages. 


Output Range 

Connect Pin(l3)to: 

0 to -2mA 

N.C. 

±1 mA 

Pin 10 


TABLE II. Connections for Current Output Mode. 



FIGURE 4. Current Output Mode Connection Diagram. 
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VOLTAGE OUTPUT using an EXTERNAL OP AMP 


UNIPOLAR OR BIPOLAR OPERATION 

The DAC90 wil drive the summing junction of an op amp 
(the op amp being used as a current-to-voltage converter) 
to produce an output voltage. 



FIGURE 5. External Op Amp Using Internal 
Feedback Resistors. 


Vout — I x Rf 

where Iout is the DAC90 output current and Rf is the 
feedback resistor. Refer to Table III and Figure 5. 


Output 

Range 

Digital 

Input Codes 



+10V 

COB 

11 

10 

±5V 

COB 

12 

10 

+2.5V 

COB 

12 

10,11 

Oto+IOV 

CSB 

12 

N.C. 


CSB 

12 

11 


TABLE III. Voltage Ranges of Current Output DAC90 
With External Op Amp. 


EXTERNAL OFFSET and GAIN ADJUSTMENT 


Initial offset and gain errors may be trimmed by the user 
with externally connected OFFSET and GAIN 
potentiometers and an operational amplifier. Refer to 
Figures 5 and 6 for proper connections. The adjustment 
procedures are described below. Potentiometer 
resistances are shown as a range of values and should 
have a temperature drift coefficient of 100 ppm/°C or 
less. The trimming networks should be located as close to 
the DAC90 as possible to minimize noise pickup. The 
ceramic capacitor shown in Figure 6 will further reduce 
noise pickup at the gain adjust point. 

OFFSET ADJUSTMENT 

Offset adjustment should be made prior to gain 
adjustment. Connect the unit as shown in Figure 5 for the 
desired output range and add the offset adjust network 
shown in Figure 6. Offset adjustment is the same 
procedure for either bipolar or unipolar operation. Apply 
the digital input code which should give zero volts output 
and adjust the offset potentiometer for zero volts output. 
See Table I for the corresponding codes. 



FIGURE 7. Relationship of OFFSET and GAIN 
Adjustment for a UNIPOLAR D/A Converter. 



FIGURE 6. Connections for OFFSET and GAIN 
Adjustment. 

GAIN ADJUSTMENT 


The gain adjust procedure is the same for either bipolar or 
unipolar operation. An external amplifier should be 
connected as shown in Figure 5. Connect the unit for the 
desired output range and add the gain adjust network 
shown in Figure 6. Apply the digital input code which 
should give the maximum positive output voltage and 
adjust the gain potentiometer for the correct output. 
Refer to Table I for the corresponding codes. 



FIGURE 8. Relationship of OFFSET and GAIN 

Adjustments for BIPOLAR D/A Converter. 


6-182 








Integrated Circuit 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• LOW COST HIGH RELIABILITY SINGLE-CHIP 
REPLACEMENT FOR INDUSTRY-STANDARD DAC80 

• 12-BIT RESOLUTION 

• ±1/2LSB MAXIMUM NONLINEARITY, 0°C TO +70°C 

• GUARANTEED MONOTONICITY, 0°C TO +70°C 

• DUAL-IN-LINE PACKAGE WITH INDUSTRY-STANDARD 
(DAC80) PINOUT 



DESCRIPTION 

The DAC800 is a third-generation monolithic 
Integrated Circuit that is a pin-for-pin equivalent to 
the industry-standard DAC80 first introduced by 
Burr-Brown. It has all of the functions of its 
predecessor plus faster settling time and enhanced 
reliability because of its monolithic construction. 
The current output model of the D AC800 is a single- 
chip integrated circuit containing a subsurface zener 
reference diode, high speed current switches, and 
laser-trimmed thin-film resistors. The DAC800 
provides output voltage ranges of ±2. 5V, ±5V, 
±10V, 0 to +5V, 0 to +10V (V models) or output 
current ranges of ±lmA or 0 to -2mA (I models). 

This high accuracy converter offers a maximum 
nonlinearity error of ±1/2LSB, ±30ppm/°C max- 
imum gain drift and guaranteed monotonicity, all 
over 0°C to 70°C. In the bipolar configuration total 
drift is guaranteed to be less than 25ppm of FSR/°C. 
The DAC800 is packaged in a 24-pin dual-in-line 
package with the popular DAC80 pinout. 

For designs that require a wide temperature range 
and a hermetically sealed package see Burr-Brown 
models DAC850 and DAC851. 


Patents pending may apply upon the allowance and issuance of patents thereon. The product may also be covered in other countries 
by one or more international patents. 
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MECHANICAL 


SPECIFICATIONS 


ELECTRICAL 

Typical at 25°C and rated power supplies unless otherwise noted. 


MODEL 

DAC800-CBI 



£ 

TYP 


UNITS 

DIGITAL INPUT 

Resolution 

Logic Levels (over spec, temp 



12 


rangelC) 

Vih (Logic “1”) 

+2 


16.5 

VDC 

Vil (Logic “0") 

0 


+0.8 

VDC 

Iih (Vin = +2.4V) 



+20 

M A 

IlL (Vin = +0.4V) 



-0.36 

mA 

ACCURACY 

Linearity Error at 25°C 


±1/4 

±1/2 

LSB 

Differential Linearity Error 


±1/2 

+1, -3/4 

LSB 

Gain Error<2) 


±0.1 

±0.2 

% 

Offset Error<2) 


±0.05 

±0.15 

% of FSR(3) 

Monotonicity Temp. Range, min 

0 


+70 

°C 

DRIFTS) (0°Cto +70° C) 

Bipolar Drift, ( ±full scale drift for the 
bipolar connection!, 

Total error over 0°C to +70°C(5) 


±10 

±25 

ppm of FSR/°C 

Unipolar 


±0.06 

±0.15 

% of FSR 

Bipolar 


±0.05 

±0.12 

% of FSR 

Gain 


±10 

±30 

ppm/°C 

Unipolar Offset 


±1 

±3 

ppm of FSR/°C 

Bipolar Offset 


±7 

±15 

ppm of FSR/°C 

Differential Linearity 0°C to +70°C 


±1/2 

+1, -7/8 

LSB 

Linearity Error 0°C to +70°C 



±1/2 

LSB 

CONVERSION SPEED/V models 
Settling Time to ±0.01% of FSR 

For FSR Change 





20 volt range, 2kH load 


3 

5 

Msec 

10 volt range, 2kll load 

For 1 LSB Change, Major Carry, 


2.5 

4 

Msec 

2kn load 


1.5 


Msec 

Slew Rate, 2kO load 

10 

15 


V/Msec 

CONVERSION SPEED/I models 
Settling Time to ±0.01% of FSR 

For FSR Change 





ion toioon load 


300 


nsec 

1 kn load 


1 


Msec 

ANALOG OUTPUT/V models 





Ranges 

±2.5, ±5, ±10, 0 to +5,0 to +10 

V 

Output Current 

±5 



mA 

Output Impedance DC* 


0.05 


n 

Short Circuit to Common, Duration 


Indefinite 



ANALOG OUTPUT/I models 

Ranges - Bipolar 

±0.88 

±1.175, 

±1.47 

mA 

Unipolar 

0 to -1.76 

0 to -2.35 

0 to -2.94 

mA 

Output Impedance - Bipolar 


3.1 


kn 

Output Impedance - Unipolar 


7.2 


kit 

Compliance 

-2.5 


+2.5 

V 

REFERENCE VOLTAGE OUTPUT 

+6.23 

+6.30 

+6.37 

V 

Current < for external loads i, Source 

1.5 

2.5 


mA 

Tempco of Drift 


±10 

±30 

ppm/°C 

POWER SUPPLY SENSITIVITY 

+15V and +5V Supplies 


±0.0001 

±0.001 

% of FSR/% Vcc 

-15V Supply 


±0.003 

±0.006 

% of FSR/% Vcc 

POWER SUPPLY REQUIREMENTS 

±Vcc 

±13.5 

±15 

^ 16.5 

VDC 

Vdd< 6 > 

Supply Drain 

+4.5 

+5.0 

+ 16.5 

VDC 

+15V, -15V i no load 


+8. -20 

+12, -25 

mA 

+5V i logic supply' 


+7 

+ 10 

mA 

TEMPERATURE RANGE 

Specification 

0 


+70 

°C 

Operating 

-25 


+85 

°C 

Storage 

-60 


+ 100 

°C 




HHSBSDH 


mim 

BSESH 


12201 

HD 

fa 

EEBH 

KTffTM 

BS5H 

HD 

HES 

HEEH 

HSH 

MEH 

HES 

HEXHI 

EEDH 

kesi 

KSH 

IHH 

K2DI 

HESS 


HHH 

HD 

hbssesieh 


HD 

1.11.1 

1CT 

KSH 

mm 

$£££$ 

H33 

KDHI 

heh 


HH 

HEZ9 

H29 



Hi 

HB9EB3EH 


HD 

Hi 

heed 

hhh 


HD 

mwm 

Hiffll 

hbh 

HHH 


NOTE: 

Metal Lid connected 
to -Vcc internally. 

CASE: Ceramic 
MATING CONNECTOR: 
0245MC 

WEIGHT: 8.4 grams 
i0.3oz. 


PIN ASSIGNMENTS 



PIN 


1 MODELS 

NO. 

V MODELS 

MSB BIT 1 

1 

BIT 1 MSB 

BIT 2 

2 

BIT 2 

BIT 3 

3 

BIT 3 

BIT 4 

4 

BIT 4 

BIT 5 

5 

BIT 5 

BIT 6 

6 

BIT 6 

BIT 7 

7 

BIT 7 

BIT 8 

8 

BIT 8 

BIT 9 

9 

BIT 9 

BIT 10 

10 

BIT 10 

BIT 11 

11 

BIT 11 

LSB' BIT 12 

12 

BIT 12 LSB 

LOGIC SUPPLY, Vdd 

13 

LOGIC SUPPLY, Vdd 

-Vcc 

14 

-Vcc 

lOUT 

15 

Vout 

REF. INPUT 

16 

REF. INPUT 

BIPOLAR OFFSET 

17 

BIPOLAR OFFSET 

SCALING NETWORK 

18 

10V RANGE 

SCALING NETWORK 

19 

20V RANGE 

SCALING NETWORK 

20 

SUMMING JUNCTION 

COMMON 

21 

COMMON 

+Vcc 

22 

+Vcc 

GAIN ADJUST 

23 

GAIN ADJUST 

6.3V REF. OUT 

24 

6.3V REF. OUT 


NOTES: 

1 . Refer to Logic Input Compatibility section. 

2. Adjustable to zero with external trim potentiometer. 

3. FSR means “Full Scale Range” and is 20 V for ±10V range, 10V 
for ±5V range, etc. 

4. To maintain drift spec internal feedback resistors must be used for 
current output models. 

5. Includes the effects of gain, offset and linearity drift. Gain and 
offset errors are adjusted to zero at +25°C. 

6. Power dissipation is an additional lOOmW, max, when Vdd is 
operated at +15V. 
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CONNECTION DIAGRAMS 


Voltage Model 



NOTES: 

1 . DAC80 which may be replaced by DAC800 requires a 33MH resistor. 
DAC800 requires a 1 0MO resistor. DAC80’s may also be operated with a 
10MH resistor resulting in increased trim range. 

2. Pin 16 of DAC800 is used only to connect the bipolar offset resistor. An 
external reference voltage may not be used with DAC800 as is possible 


Current Model 



with DAC80. 

3. If connected to +Vcc, which is permissible, power dissipation 
increases 75mW typ, lOOmW max. 

4. For fastest settling time connect pins 19, 18, and 15 together. 


DISCUSSION OF SPECIFICATIONS 


DIGITAL INPUT CODES 

The DAC800 accepts complementary binary digital 
input codes. The CBI model may be connected by the 
user for any one of three complementary codes; CSB, 
CTC, or COB. 


TABLE I. Digital Input Codes. 


DIGITAL INPUT 

ANALOG OUTPUT j 


CSB 

COB 

CTC* 


Compl. 

Compl 

Compl. 

MSB LSB 

Straight 

Offset 

Two’s 


Binary 

Binary 

Compl. 

000000000000 

+Full Scale 

+Full Scale 

-1 LSB 

011111111111 

+1/2 Full Scale 

Zero 

-Full Scale 

100000000000 

1/2 Full Scale -1 LSB 

-1LSB 

+Full Scale 

111111111111 

Zero 

-Full Scale 

Zero 


‘Invert the MSB of the COB code with an external inverter to obtain 
CTC code. 


ACCURACY 

Linearity of a D/ A converter is the true measure of its 
performance. The linearity error of the DAC800 is 
specified over its entire temperature range. This means 
that the analog output will not vary by more than 
±1 /2LSB, maximum, from an ideal straight line drawn 
between the end points (inputs all “T’s and all “0”s) over 
the specified temperature range of 0°C to +70°C. 


Differential linearity error of a D/A converter is the 
deviation from an ideal 1LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over a 0°C to+70°C range is guaranteed in 
the D AC800 to insure that the analog output will increase 
or remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain Drift is established by: 1 ) 
testing the end point differences for each DAC800 model 
at 0°C, +25°C and +70°C; 2) calculating the gain change 
with respect to the +25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/°C. 
Offset Drift is a measure of the change in output with all 
“l”s on the inputs over the specified temperature range. 
The Offset is measured at 0°C, +25°C and +70°C. The 
maximum change in Offset is referenced to the Offset at 
+25°C and is divided by the temperature change. This 
drift is expressed in parts per million of full scale range 
per °C (ppm of FSR/°C). 
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Bipolar Drift is a measure of the change in plus or minus 
full scale output over the specification temperature range 
for the bipolar connection. Because Bipolar Offset Drift 
and Gain Drift have canceling interactions, Bipolar Drift 
is not simply the sum of the two. T otal bipolar error over 
temperature is calculated using Bipolar Drift, then 
adding ±1 /2LSB of linearity error. 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 1 ). 



0.1 1 10 100 
Settling Time i ^sec i 


FIGURE 1. Full Scale Range Settling Time vs Final 
Value Error Band. 


Voltage Output Models: Three settling times are specified 
to ±0.01% of full scale range (FSR); two for maximum 
full scale range changes of 20V, 10V, and one for a 1LSB 
change. The 1 LSB change is measured at the major carry 
(01 1 1... 1 1 to 1000. ..00), the point at which the worst case 
settling time occurs. 

Current Output Models: Two settling times are specified 
to ±0.01% of FSR. Each is given for current models 
connected with two different resistive loads: 1 OH to 1 00H 
and lOOOO. Internal resistors are provided for connecting 
a nominal load resistance of approximately 1000fl for 
output voltage ranges of ± 1 V and 0 to -2V. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is -2.5V to +2.5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive, negative, or logic supplies about the 


nominal power supply voltages (see Figure 2). 



FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 


REFERENCE SUPPLY 

All D AC800 models have an on-chip ±6.3 volt reference. 
This voltage (pin 24) has a tolerance of ±1% and must be 
connected to the Reference Input (pin 16) for specified 
operation. Pin 16 is used only to connect the bipolar 
offset resistor. An external reference may not be used 
with DAC800. See Connection Diagrams. The reference 
voltage may be used to supply external circuits with 
2.5mA of current in addition to the 1 mA required by the 
bipolar offset circuit. 

If a varying load is to be driven, an external buffer 
amplifier is recommended to drive the load in order to 
isolate bipolar offset from load variations. Gain and 
bipolar offset adjustments should be made under constant 
load conditions. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise 
rejection, power supply decoupling capacitors should be 
added as shown in the Connection Diagrams. These 
capacitors (l;uF tantalum or electrolytic recommended) 
should be located close to the DAC800. Electrolytic 
capacitors, if used, should be paralleled with 0.01/uF 
ceramic capacitors for best high frequency performance. 
The metal lid on the top of the package is connected 
internally to -Vcc. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potentio- 
meters as shown in the connection diagrams and adjust as 
described below. TCR of the potentiometers should be 
100ppm/°C or less. The3.9Mfland lOMO resistors (20% 
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carbon or better) should be located close to the DAC800 
to prevent noise pickup. If it is not convenient to use these 
high value resistors, an equivalent “T” network, as shown 
in Figure 3, may be substituted in each case. The Gain 



Adjust (pin 23) is a high impedance point and a 0.00 1 /u F 
to 0.0 1 /xF ceramic capacitor should be connected from 
this pin to Common (pin 21) to reduce noise pickup. 
Figures 4 and 5 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/ A converter 
output. 


Offset Adjustment: For unipolar (CSB) configurations, 
apply the digital input code that should produce zero 
potential output and adjust the Offset potentiometer for 
zero output. 

For bipolar (COB, CTC) configurations, apply the 
digital input code that should produce the maximum 
negative output voltage and adjust the Offset poten- 
tiometer for minus full scale voltage. Example: If the Full 
Scale Range is connected for 20V, the maximum negative 
output voltage is -10V. See Table II for corresponding 
codes and the Connection Diagrams for offset adjustment 
connections. 

Gain Adjustment: For either unipolar or bipolar con- 
figurations, apply the digital input that should give the 
maximum positive voltage output. Adjust the Gain 
potentiometer for this positive full scale voltage. See 
Table II for positive full scale voltages and the Con- 
nection Diagrams for gain adjustment connections. 



FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Unipolar D/ A Converter. 



FIGURE 5. Relationship of Offset and Gain Adjustments 
for a Bipolar D/ A Converter. 


VOLTAGE OUTPUT MODEL 
Output Range Connections 

I nter nal scaling resistors provided in the DAC800 may be 
connected to produce bipolar output voltage ranges of 
± 1 0 V, ±5 V or ±2.5 V or unipolar output voltage ranges of 
0 to +5V or 0 to + 10V. See Figure 6. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other device 
components. Connections for various output voltage 
ranges are shown in Table III. Settlingtime fora full scale 
range change is specified as 3/xsec for the 20 volt range 
and 2.5jusec for the 10 volt range. 



FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 


TABLE II. Digital Input / Analog Output. 





ANALOG OUTPUT 

'1 


DIGITAL INPUT 

VOLTAGE* 

CURRENT | 



o 

o 

+ 

o 

< 

±10V 

0 to -2mA 

±1mA 


12-Bit Resolution 

MSB LSB 

000000000000 

+9. 9976V 

+9.995 IV 

-1.9995mA 

-0.9995mA 


011111111111 

+5. 0000 V 

0.0000V 

-1.0000 mA 

0.0000mA 


100000000000 

+4.9976V 

-0.0049V 

-0.9995 mA 

+0. 0005m A 


111111111111 

0.0000V 

-10.0000V 

0.0000mA 

+1 ,000mA 


One LSB 

2.44mV 

4.88mV 

0.488m A 

0.488m A 


’To obtain values for other binary ranges: 0 to +5V range divide 0 to +10V range values by 2. 

±5V range: divide ±10V range values by 2. 

±2.5V range: divide ±10V range values by 4. 
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TABLE III. Output Voltage Range Connections - 
Voltage Model DAC800. 


Output 

Range 

Digital 

Input Codes 

Connect 
Pin 15 to 

Connect 
Pin 17 to 

Connect 

Pin 19 to 

Connect 
Pin 16 to 

±10 

COB or CTC 

19 

20 

15 

24 

±5 

COB or CTC 

18 

20 

N.C. 

24 

±2.5V 

COB or CTC 

18 

20 

20 

24 

Oto+lOV 

CSB 

18 

21 

N.C. 

24 

Oto +5V 

CSB 

18 

21 

20 

24 


CURRENT OUTPUT MODEL 

The resistive scaling network and equivalent output 
circuit of the current model differ from the voltage model 
and are shown in Figures 7 and 8. It is important to note 


REF. INPUT 


© — 
®— r 

©-? 


M8kn 


2.55 k n 

- — 


1.71 kn 

-V/v 


4.26 k 1 1 | 

Resistor tolerances ±25% 


© 

© 

© 


FIGURE 7. Internal Scaling Resistors. 



FIGURE 8. Current Output Model Equivalent 
Output Circuit. 


that there is a relationship between the tolerances of the 
current source and the scaling resistors. The magnitude 
of the tolerance tracks very closely but with opposite sign. 
The tolerance of the internal resistance of the converter 
(7.2kH unipolar, 3.07kH bipolar) tracks the tolerance of 
the scaling resistors in sign and approximately proportion- 
ately in magnitude. That is, if the scaling resistors are 
high by 10%, the internal impedance is high by about 8%. 
An external resistor is required to produce exactly 0 to 
-2V or ±1V output. TCR of these resistors should be 
±100ppm/°C or less to maintain the DAC800 output 
specifications. If exact output ranges are not required, 
the external resistors are not needed. 

Internal resistors are provided to scale an external op 
amp or to configure a resistive load to offer two output 
voltage ranges of ± 1 V or 0 to -2V. These resistors are an 
integral part of the DAC800 and maintain gain and 
bipolar offset drift specifications. 

Driving a Resistive Load Unipoiar 

A load resistance, Rl = Ru + Rls, connected as shown in 


Figure 9 will generate a voltage range, Vout, determined 
by: 


VjOUT — 2.35mA 


Ri. x7.2kO\ 
Rl + 7.2kH j 



FIGURE 9. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output 
with Resistive Load. 


To achieve specified drift, connect the internal scaling 
resistor (Rli) as shown to an external metal film trim 
resistor (Rls) to provide full scale output voltage range of 
0 to -2V. If the internal resistors are not used, external Rl 
(or Rf) resistors should have a TCR of ±25ppm/°C or 
less to minimize drift. This will typically add ±50ppm/°C 
plus the TCR of Rl (or Rf) to the total drift. Tolerances 
on internal equivalent resistors are wide. Rls will have to 
be selected for each unit. 


Driving a Resistive Load Bipolar 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 10, Rl = Rli + Rls. Vout is 
determined by: 


Vout = ±1.1 75m A| 


Ri, x 3.07kQ \ 
Rl + 3.07kO j 



FIGURE 10. Current Output Model Connected for 
Bipolar Output Voltage with Resistive 
Load. 


To achieve specified drift, connect l.TlkD and 2.55kH 
internal scaling resistors in parallel (Rli) and add an 
external metal film resistor (Rls) in series to obtain a full 
scale output range of ± IV. The tolerances on the 
internal equivalent resistors are wide. Rls will have to be 
selected for each unit. 
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Driving An External Op Amp 

The current output model DAC800 will drive the 
summing junction of an op amp used as a current to 
voltage converter to produce an output voltage. See 
Figure 1 1. 



FIGURE 1 1. External Op Amp - Using Internal 
Feedback Resistors. 


VoUT — lour x Rf 

where Iout is the DAC800 output current and Rf is the 
feedback resistor. Using the internal feedback resistors of 
the current output model DAC800 provides output 
voltage ranges the same as the voltage model DAC800. 
To obtain the desired output voltage range when 
connecting an external op amp, refer to Table IV. 


TABLE IV. Voltage Range of Current Output DAC800. 


Output 

Range 

Digital 
Input Codes 

Connect 
® to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 
Pin 16 to 

±10V 

COB or CTC 

19 

15 

© 

24 

±5V 

COB or CTC 

18 

15 

N.C. 

24 

±2.5V 

COB or CTC 

18 

15 

15 

24 

Oto +10V 

CSB 

18 

21 

N.C. 

24 

0 to +5V 

CSB 

18 

21 

15 

24 


Output Larger Than 20V Range 

For output voltage ranges larger than ±10V, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Iout values of±1.175mA±25%for 
bipolar voltage ranges and -2.35mA ±25% for unipolar 
voltage ranges. See Figure 12. Use protection diodes 
when a high voltage op amp is used. 



FIGURE 12. External Op Amp - Using External 
Feedback Resistors. 


The feedback resistor, Rf, should have a temperature 
coefficient as low as possible. U sing an external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between Rf and the internal 
scaling resistor network. This will typically add 50 
ppm/°C ± Rf drift to total drift. 


LOGIC INPUT COMPATIBILITY 

DAC800 digital inputs are TTL, LSTTL and 54/ 74HC 
CMOS compatible over the operating range of Vdd, ±5 
to + 1 5 volts. The input switching threshold remains at the 
TTL threshold over supply range of Von, +5 to +15V. 
Logic “0” input current over temperture is low enough to 
permit driving DAC800 directly from outputs of 4000B 
and 54/74C CMOS devices over the logic power supply 
range of +5 to +15 volts. 


ORDERING INFORMATION 

DAC800 -XXX -X 

~ 7 ~ I 

Low Cost 12-Bit D A Converter INPUT CODE OUTPUT 

Family CBI = Complementary V = Voltage 

Example: DAC800-CBI-V Binary I = Current 

Complementary Binary 
DAC800 with voltage output 
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BURR -BROWN® 


<^°/ 


DAC850 

DAC851 


Integrated Circuit 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• LOW COST HIGH RELIABILITY SINGLE-CHIP 
REPLACEMENT FOR DAC85 AND DAC87 

• 12-BIT RESOLUTION 

• HIGH ACCURACY 

±1 /2LSB max nonlinearity -25°C to +85°C (DAC850) 
-55°C to +1 25°C (DAC851 ) 

• GUARANTEED MONOTONICITY 

• DUAL-IN-LINE HERMETIC PACKAGE WITH 
SIOE-BRAZED PINS 



DESCRIPTION 

The DAC850 and DAC851 are 12-bit single-chip 
(current output model) digital-to-analog converters 
for use in wide temperature high reliability applica- 
tions. 

The DAC850 and DAC85 1 are packaged in a hermet- 
ically-sealed package with side-brazed pins. The 
DAC850 is specified with a linearity error of ±1/ 2LSB 
over -25°C to +85°C and the DAC85 1 has a linearity 
error of ±1/2LSB over -55°C to +125°C. Both 
converters have guaranteed monotonicity over their 
specification temperature range. The current output 
configuration of these D/A converters is a single- 
chip integrated circuit containing a subsurface zener 
reference diode, high-speed current switches, and 
laser-trimmed thin-film resistors. 

The DAC850 and DAC851 provide output voltage 
ranges of ±2.5V, ±5V, ±10V, 0 to +5 and 0 to + 10V 
(V models) or output current ranges of ±1.1 75mA or 
0 to -2.35mA (I models). 


Patents pending may apply upon the allowance and issuance of patents thereon. The product may also be covered in other countries by one or 
more international patents. 

International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

At 25°C and rated power supplies unless otherwise noted. 



DAC850-CBI 

DAC851-CBI 


MODEL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

1 INPUT 9 

DIGITAL INPUT 

Resolution 

Logic Levels (LSTTL Compatible)!!) 



12 



12 

Bits 

Logic “1” (at +2CVA) 

±2 


±5.5 

±2 


±5.5 

VDC 

Logic “0" (at -0.36mA) 

0 


±0.8 

0 


±0.8 

VDC 

| TRANSFER CHARACTERISTICS | 

ACCURACY 








Linearity Error 


±1/4 

±1/2 


±1/4 

±1/2 

LSB 

Differential Linearity Error 


±1/2 

±1 , -3/4 


±1/2 

±1, -3/4 

LSB 

Gain Error(2) 


±0.1 

±0.2 


±0.1 

±0.2 

% 

Offset Error(2) 


±0.05 

±0.15 


±0.05 

±0.15 

% of FSR(3) 

Monotonicity Temp. Range, min 

-25 


±85 

-55 


±125 

°C 

DRIFT!*) (over spec. temp, range) 

Bipolar Drift (±full scale drift for the bipolar 








connection) 


±5 

±17 


±15 

±30 

ppm of FSR/°C 

Total Error(5) 








Unipolar 


±0.1 

±0.20 


±0.15 

±0.30 

% of FSR 

Bipolar 


±0.06 

±0.12 


±0.15 

±0.30 

% of FSR 

Gain 


±10 

±20 


±10 

±25 

ppm/°C 

Offset, Unipolar 


±1 

±3 


±1 

±3 

ppm of FSR/°C 

Bipolar 


±5 

±10 


±5 

±15 

ppm of FSR/°C 

Differential Linearity (over spec. temp, range) 


±1/2 

±1 


±1/2 

±1 

LSB 

Linearity Error (over spec. temp, range) 



±1/2 



±1/2 

LSB 

CONVERSION SPEED 

V Model (settling time to ±0.01% of FSR) 








For FSR Change, 20V Range, 2kft Load 


3 

5 


3 

5 

Msec 

10V Range, 2kft Load 


2.5 

4 


2.5 

4 

Msec 

For 1LSB Change, Major Carry, 2kft Load 


1.5 



1.5 


M sec 

Slew Rate, 2kft Load 

1 Model (settling time to ±0.01% of FSR) 

10 

15 


10 

15 


V/Msec 

For FSR Change, 10ft to 100ft Load 


300 



300 


nsec 

IkftLoad 


1 



1 


m sec 

| OUTPUT I 

ANALOG OUTPUT 








V Model 








Ranges 

±2.5, ±5, ±10, 0 to ±5, 0 to ±10 

±2.5, ±5, ±10, Oto ±5, 

Oto ±10 

V 

Output Current 

±5 



±5 



mA 

Output Impedance (DC) 


0.05 



0.05 


ft 

Short Circuit to Common, Duration 



Indefinite 




1 Model 








Ranges 


±1.175, 



±1.175, 





0 to -2.35 



0 to -2.35 


mA 

Output Impedance, Bipolar 

2.5 

3.1 

3.7 

2.5 

3.1 

3.7 

kft 

Unipolar 

5.8 

7.2 

8.6 

5.8 

7.2 

8.6 

kft 

Compliance 

-2.5 


±2.5 

-2.5 


±2.5 

V 

| POWER SUPPLIES AND REFERENCE | 

Reference Voltage Output 

±6.23 

±6.3 

±6.37 

±6.23 

±6.3 

±6.37 

V 

Current (for external loads), Source 

1.5 

2.5 


1.5 

2.5 


mA 

Temperature Coefficient of Drift 

Power Supply Sensitivity 


±10 

±20 


±10 

±25 

ppm/°C 

±15V and ±5V Supplies 


±0.0001 

±0.001 


±0.0001 

±0.001 

% of FSR/%Vcc 

-15V Supply 

Power Supply Requirements 


±0.003 

±0.006 


±0.003 

±0.006 

% of FSR/%V C C 

±Vcc 

±13.5 

±15 

±16.5 

±13.5 

±15 

±16.5 

VDC 

Vdd< 6 ) 

Power Supply Drain 

±4.5 

±5 

±16.5 

±4.5 

±5 

±16.5 

VDC 

±Vcc (no load) 


±8, -20 

±12, -25 


±8, -20 

±12,-25 

mA 

Vdd (logic supply) 


±7 

±10 


±7 

±10 

mA 

| PHYSICAL CHARACTERISTICS f 

TEMPERATURE RANGE 








Specification 

-25 


±85 

-55 


±125 

°C 

Storage 

-60 


±150 

-60 


±150 

°C 

PACKAGE 

24-pin hermetic DIP side-brazed ceramic | 

■■■■■ 
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NOTES: 


Adding external CMOS hex buffers CD 4049A/4050A will provide CMOS 
input compatibility. Refer to Logic Input Compatibility section. 
Adjustable to zero with external trim potentiometer. 

FSR means “Full Scale Range” and is 20V for ±10V range, 10V for ±5V 
range, etc. 

To maintain drift spec internal feedback resistors must be used for 
current output models. 


5. Includes the effects of gain, offset and linearity drift. Gain and offset 
errors are adjusted to zero at +25°C. 

6. Power dissipation is an additional lOOmW, max, when Vdd is operated 
git +15V. 


MECHANICAL 


24 


NOTE: 

Leads in true position 
within 0.010" (0.25mmi 
R at MMC at seating plane. 



Pin numbers shown for 
reference only. Numbers 
may not be marked on package. 


:T- 


mtmtttf:. . 

JLf-J. Seating Plane 


TT 




NOTE: 

Metal Cap connected 
to -Vcc internally. 

CASE: Ceramic 
MATING CONNECTOR: 
0245MC 

WEIGHT: 8.4 grams 
(0.3oz. i 


PIN ASSIGNMENTS 



PIN 


1 MODELS 

NO. 

V MODELS 

i MSB) BIT 1 

1 

BIT 1 (MSB) 

BIT 2 

2 

BIT 2 

BIT 3 

3 

BIT 3 

BIT 4 

4 

BIT 4 

BIT 5 

5 

BIT 5 

BIT 6 

6 

BIT 6 

BIT 7 

7 

BIT 7 

BIT 8 

8 

BIT 8 

BIT 9 

9 

BIT 9 

BIT 10 

10 

BIT 10 

BIT 11 

11 

BIT 11 

(LSB) BIT 12 

12 

BIT 12 (LSB) 

LOGIC SUPPLY, Vdd 

13 

LOGIC SUPPLY, Vdd 

-Vcc 

14 

-Vcc 

lOUT 

15 

VOUT 

REF. INPUT 

16 

REF. INPUT 

BIPOLAR OFFSET 

17 

BIPOLAR OFFSET 

SCALING NETWORK 

18 

10V RANGE 

SCALING NETWORK 

19 

20V RANGE 

SCALING NETWORK 

20 

SUMMING JUNCTION 

COMMON 

21 

COMMON 

+Vcc 

22 

+Vcc 

GAIN ADJUST 

23 

GAIN ADJUST 

6.3V REF. OUT 

24 

6.3V REF. OUT 


CONNECTION DIAGRAMS 


Voltage Model 



NOTES: 

1. DAC850/851 use a lOMn resistor. These models can replace the DAC85 which uses 
an 18Mn resistor and the 0AC87 which uses a 33Mn resistor. 

2. Pin 16 of DAC850/851 is used only to connect the bipolar offset resistor. 

An external reference voltage may not be used with DAC850/851. 


Current Model 



3. If connected to +V CC . which is permissible, power dissipation increases 75mW typ., 
lOOmW max. 

4. For fastest settling time connect pins 19. 18. and 15 together. 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC850 and DAC85 1 accept complementary binary 
digital input codes. They may be connected by the user 
for any one of three complementary codes; CS B, CTC, or 
COB (see Table I). 


TABLE 1. Digital Input Codes. 


DIGITAL INPUT 

ANALOG OUTPUT | 


CSB 

COB 

CTC* 


Comp 1. 

Compl. 

Compl. 

MSB LSB 

Straight 

Offset 

Two's 

l l 

Binary 

Binary 

Compl. 

000000000000 

+Full Scale 

+Full Scale 

-LSB 

011111111111 

+1/2 Full Scale 

Zero 

-Full Scale 

100000000000 

Midscale -1 LSB 

-1LSB 

+Full Scale 

111111111111 

Zero 

-Full Scale 

Zero 


‘Invert the MSB of the COB code with an external inverter to obtain 
CTC code. 


ACCURACY 

Linearity of a D/A converter is the true measure of its 
performance. The linearity error is specified over its 
entire temperature range. This means that the analog 
output will not vary by more than ± 1 / 2LS B, maximum, 
from an ideal straight line drawn between the end points 
(inputs all “l”s and all “0”s) over the specified tem- 
perature range. 

Differential linearity error of a D/A converter is the 
deviation from an ideal 1 LSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over the specification temperature range is 
guaranteed to insure that the analog output will increase 
or remain the same for increasing input digital codes. 

DRIFT 

Gain drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million 
per °C (ppm/°C). Gain drift is established by: 1) testing 
the end point differences at -25°C, ±25°C, and ±85°C for 
the DAC850 and at -55°C, +25°C, and +I25°C for the 
D AC85 1 ; 2) calculating the gain error with respect to the 
+25°C value and; 3) dividing by the temperature change. 
This is expressed in ppm/°C. 

Offset drift is a measure of the actual change in output 
with all “ l”s on the input over the specification tempera- 
ture range. The offset is measured at -25°C, ±25°C, and 
+85°C for the DAC850 and at -55°C, +25°C, and + 1 25°C 
for the DAC851. The maximum change in offset is 
referenced to the offset at ±25°C and is divided by the 
temperature change. This drift is expressed in parts per 
million of full scale range per °C (ppm of FSR/°C). 


SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 1 ). 



0.1 1 10 100 


Settling Time (/used 


FIGURE 1. Full Scale Range Settling Time vs Final 
Value Error Band. 

V oltage Output M odels: Three settling times are specified 
to ±0.01% of full scale range (FSR): two for maximum 
full scale range changes of 20V and 10V, and one for a 
1 LSB change. The 1 LSB change is measured at the major 
carry (01 11... 11 to 1000. ..00), the point at which the 
worst-case settling time occurs. 

Current Output Models: Two settling times are specified 
to ±0.01% of FSR. Each is given for current models 
connected with two different resistive loads: lOHto 1000 
and 1 0000. 1 nternal resistors are provided for connecting 
a nominal load resistance of approximately 10000 for 
output voltage ranges of ±1 V and 0 to -2V. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V to -2.5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 2). 

REFERENCE SUPPLY 

All models are supplied with an internal 6.3V reference 
voltage supply. This voltage (pin 24) has a tolerance of 
±1% and must be connected to the Reference Input (pin 
16) for specified operation. This reference may be used 
externally also. The external current drain is limited to 
sourcing 2.5mA up to ±85°C and 1mA up to ±125°C not 
including current required by the bipolar offset circuit. 
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An external buffer amplifier is recommended if this 
reference will be used to drive other system components 
because variations in a load driven from the reference will 
result in bipolar offset variations of the D/A converter. 
Gain and bipolar offset adjustments should be made 
under constant load conditions. 



FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagrams. These capacitors (1/xF 
tantalum or electrolytic recommended) should be located 
close to the case. Electrolytic capacitors, if used, should 
be paralleled with O.OlyuF ceramic capacitors for best 
high frequency performance. The metal cap on the top of 
the package is connected internally to -Vcc. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio- 
meters as shown in the Connection Diagrams and adjust 
as described below. TCR of the potentiometers should be 
100ppm/°C or less. The3.9MHand 10MH resistors (20% 
carbon or better) should be located close to the case to 
prevent noise pickup. If it is not convenient to use these 
high value resistors, an equivalent “T” network, as shown 
in Figure 3, may be substituted in each case. Figures 4 and 



5 illustrate the relationship of offset and gain adjustments 
to unipolar and bipolar D/A converter output. 



FIGURE 4. Relationship of Offset and Gain 

Adjustments for a Unipolar D/ A Converter. 



FIGURE 5. Relationship of Offset and Gain 

Adjustments for a Bipolar D/ A Converter. 


Offset Adjustment: For unipolar (CSB) configurations, 
apply the digital input code that should produce zero 
potential output and adjust the offset potentiometer for 
zero output. 

For bipolar (COB, CTC) configurations, apply the 
digital input code that should produce the maximum 
negative output voltage and adjust the Offset poten- 
tiometer for minus full scale voltage. Example: If the Full 
Scale Range is connected for 20V, the maximum negative 
output voltage is -10V. See Table II for corresponding 
codes and the Connection Diagrams for offset adjustment 
connections. 


TABLE II. Digital Input/Analog Output. 


DIGITAL INPUT 

ANALOG OUTPUT | 

VOLTAGE* 

CURRENT i 

MSB LSB 

Oto +10V 

±10V 

0 to -2mA 

±1mA 

000000000000 

+9. 9976V 

+9.9951 V 

-1 ,9995mA 

-0.9995mA 

011111111111 

+5. 0000 V 

0.0000V 

-1 ,0000mA 

0.0000mA 

100000000000 

+4. 9976V 

-0.0049V 

-0.9995mA 

+0.0005 m A 

111111111111 

0.0000V 

-10.0000V 

0.0000mA 

+1 .000mA 

One LSB 

2.44mV 

4.88mV 

0.488 /uA 

0.488/xA 


‘To obtain values for other binary ranges: 

0 to +5V range divide 0 to +10V range values by 2. 
±5V range: divide ±10V range values by 2. 

±2.5V range: divide ±10V range values by 4. 
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Gain Adjustment: For either unipolar or bipolar con- 
figurations, apply the digital input that should give the 
maximum positive voltage output. Adjust the gain 
potentiometer for this positive full scale voltage. See 
Table II for positive full scale voltages and the Connec- 
tion Diagrams for gain adjustment connections. 

VOLTAGE OUTPUT MODELS 
Output Range Connections 

Internal scaling resistors provided in the DAC850 may be 
connected to produce bipolar output voltage ranges of 
±10V,±5V or±2.5V or unipolar output voltage ranges of 
0 to -F5V or 0 to + 10V. See Figure 6. 



FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 


Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other device 
components. Connections for various output voltage 
ranges are shown in Table III. Settling time for a full scale 
range change is specified as 3/usec for the 20 volt range 
and 2.5jusec for the 10 volt range. 


TABLE III. Output Voltage Range Connections - 
Voltage Model. 


Output 

Range 

Digital 
Input Codes 

Connect 
Pin 15 to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 

Pin 16 to 

±10 

COB orCTC 

19 

20 

15 

24 

±5 

COB orCTC 

18 

20 

NC 

24 

±2.5V 

COB orCTC 

18 

20 

20 

24 

Oto +10V 

CSB 

18 

21 

NC 

24 

0 to +5V 

CSB 

18 

21 

20 

24 


CURRENT OUTPUT MODELS 

The equivalent output circuit and resistive scaling network 
of the current model differ from the voltage model and 
are shown in Figures 7 and 8. 

An external Rls resistor is required to produce exactly 0 
to -2V or ±1V output. TCR of this resistor should be 



±100ppm/°C or less to maintain the output specifications. 
If exact output ranges are not required, the external 
resistor is not needed. 



FIGURE 8. Current Output Model Equivalent 
Output Current. 


Internal resistors are provided to scale an external op 
amp or to configure a resistive load to offer two output 
voltage ranges of ±1V or 0 to -2V. These resistors (Rli) 
are an integral part of the DAC850/851 and maintain 
gain and bipolar offset drift specifications. If the internal 
resistors are not used, external Rl (or Rf) resistors 
should have a TCR of ±25ppm/°C or less to minimize 
drift. This will typically add±50ppm/°C plus the TCR of 
Rl (or R f ) to the total drift. 


Driving a Resistive Load Unipolar 


A load resistance, Rl = Rli + Rls, connected as shown in 
Figure 9 will generate a voltage range, Vout, determined 

by: 


Vqut — 2.35mA 


/ Rl x 7.2kO \ 
\ Rl + 7.2kfl ) 



FIGURE 9. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output 
with Resistive Load. 


To achieve specified drift, connect the internal scaling 
resistor (Rli) as shown to an external metal film trim 
resistor (Rls) to provide full scale output voltage range of 
0 to -2V. Tolerances on internal equivalent resistors are 
wide. Rls will have to be selected for each unit. 

Driving a Resistive Load Bipolar 

The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 10, Rl = Rli + Rls. Vout is 
determined by: 
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Vout — ±1.175mA^ -- . x 3 l7k ^ .\ 
\Rl + 3. 1 7kfl ) 



FIGURE 10. Current Output Model Connected for 
Bipolar Output Voltage with Resistive 
Load. 

To achieve specified drift, connect the 1.7Ikf) and 
2.55kH internal scaling resistors in parallel ( Ru) and add 
an external metal film resistor (Ri.s) in series to obtain a 
full scale output range of ±1V. The tolerances on the 
equivalent internal resistors are wide. Rus will have to be 
selected for each unit. 

Driving An External Op Amp 

The current output model will drive the summing junction 
of an op amp used as a current-to-voltage converter to 
produce an output voltage (see Figure 1 1 ). 

Vout = lour x Rf 

where Iout is the output current and Rf is the feedback 
resistor. Using the internal feedback resistors of the 
current output model provides output voltage ranges the 
same as the voltage model. To obtain the desired output 
voltage range when connecting an external op amp, refer 
to Table IV. 



FIGURE 1 1. External Op Amp - Using Internal 
Feedback Resistors. 


TABLE IV. Voltage Range of Current Output D/A 
Converter. 


Output 

Range 

Digital 

Input Codes 

Connect 
© to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 
Pin 16 to 

±10V 

COB or CTC 

19 

15 

® 

24 

±5V 

COB or CTC 

18 

15 

NC 

24 

±2.5V 

COB or CTC 

18 

15 

15 

24 

Oto +10V 

CSB 

18 

21 

NC 

24 

0 to +5V 

CSB 

18 

21 

15 

24 


Output Larger Than 20V Range 

For output voltage ranges larger than ±I0V, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Iout values of ±1.1 75mA for 
bipolar voltage ranges and -2.35mA for unipolar voltage 
ranges (see Figure 1 2). Use protection diodes when a high 
voltage op amp is used. 

The feedback resistor, Rf, should have a temperature 
coefficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between Rf and the internal 
scaling resistor network. This will typically add 50ppm/°C 
+ Rf drift to total drift. 



FIGURE 12. External Op Amp - Using External 
Feedback Resistors. 

LOGIC INPUT COMPATIBILITY 


DAC850 and DAC851 digital inputs are LSTTL com- 
patible as shown in the specification table when Vnn is 
operated over 4.5 to 16.5 volts. 

Figure 13 illustrates using CMOS hex buffers with 
DAC850 to provide CMOS input compatibility. This 
combination will operate together over a wide range of 
logic power supply voltages. 



FIGURE 13. Using DAC850/851 with CMOS Hex 

Buffers Over a Wide Range of Logic Power 
Supply Voltages. 


ORDERING INFORMATION 


DAC850 

DAC851 

-XXX 

-XXX 

-X 

-X 

D/A Converter Family 

Input Code 

Output 

Example: 

CBN 

V = Voltage 

DAC851-CBI-V 

Complimentary 
12-Bit Binary 

1 = Current 


6-196 








MICROPROCESSOR INTERFACE 


BURR-BROWN < 



MPIO 
MP1 1 


M icroprocessor- 1 nterfaced 
8-BIT ANALOG OUTPUT SYSTEM 


MPIO, MP1 1 BLOCK DIAGRAM 


t V A 0 - 
Ar 
R/W- 
</>2 (MPtl)' 



FEATURES 

USE AS ANALOG INPUT AND OUTPUT 
EASY TO USE 

Completely compatible with most microprocessors 
No external logic required 
Timing compatible 
Memory-mapped 

SAVES DEVELOPMENT MONEY AND TIME 
COMPLETELY SELF-CONTAINED 


COMPATIBLE WITH: 

8080 (Intel) 

9080A (AMD) 

Z-80 (Zilog) 

6800 (Motorola) 

8008 (Intel) 

F-8 (Fairchild) 

SC/MP (National) 

650X (M0S Technology) 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 • Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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DESCRIPTION 

These microprocessor peripherals provide an analog 
interface compatible with most microprocessors. The 
MP10 and MP11 are electrically and functionally 
microprocessor-compatible in static or dynamic 
situations. 

These units are complete analog systems packaged in 32- 
pin triple-wide dual-in-line packages. They contain two 
8 -bit D/A converters which are internally trimmed for 
gain and offset so that no external trimming is required. 
All necessary interface, timing and address decoding 
logic is also included. 

The MP10 is designed to be used with 8080 A and 8008 
type microprocessors. It can be used with SC/ MP if pull- 
up resistors are added to the address bus, with the F -8 
Dynamic or Static memory interface chip if the RAM 
WRITE signal is a minimum of 430nsec and with the Z-80 
if tw (<£H) = t w (cf> L) = 500nsec. The MP1 1 is designed to 
be used with 6800 and 650X type microprocessors. 

The address lines A2 through A 13, B 2 and B3 of the 
MP10 are CMOS compatible so that they can be directly 


connected to the address bus of an 8080 or 8008. All other 
input lines require standard TTL voltages. The address 
lines A 2 through A 13 and B 2 of the MP11 are LSTTL 
compatible so they can be directly connected to the 
address bus of a 6800 or 650X. All other input lines 
require standard TTL voltages but are high impedance 
and require only microamp drive currents. 

THEORY OF OPERATION 

When programming these peripherals, the user treats 
them as memory. Because the D/ A converter input is an 8 
bit word, one 8 bit memory location is required for each 
channel. Since these units are treated as memory, a single 
instruction is all that’s needed to write to an output 
channel. For instance, when the MP10 is used with an 
8080, a single instruction, SHLD, can be used to output 
data to both D/ A converter channels from the H and L 
register pair. Likewise, when the MP 1 1 is used with the 
6800 or 650X, a single STX instruction can be used to 
output data to both D/A converter channels from the 
index register. The MP10 and the MP11 require an 
initialization as would any programmable peripheral. 
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ELECTRICAL SPECIFICATIONS 


(Typical at 25"C and rated supplies unless otherwise noted.) 


MP10/MP11 

MP10/MP11 

ANALOG OUTPUT 

Number of analog outputs 2 

Output voltage range ±10V 

Output impedance If) 

Output settling time 25/isec 

DIGITAL INPUT/OUTPUT 

All signals compatible with 
the microprocessor bus 

An analog output channel selected by: A0 

Input data bits read by. DO - D7 

POWER REQUIREMENTS 

+5VDC ±5% at 90 mA 
+ 15V ±3% at 30 mA 
-I5V ±3% at 30 mA 

TRANSFER 

CHARACTERISTICS 

Resolution 8 bit binary 

(complementary binary) 

One LSB 78.1 mV 

Throughput accuracy (max) ±0.4% FSR 11 ’ 21 

Throughput accuracy (typical) ±0.25% FSR 

Temperature coefficient 

of accuracy , ±0.008% FSR/°C 

TEMPERATURE RANGE 

Operating temperature range 0°C to 70 D C 

Storage temperature range -55°C to +85°C 


1. FSR is Full Scale Range = 20V. 

2. Accuracy components are: Linearity Error = ±0.2% FSR; Gain Error = ±0.1% FSR, Offset Error = ±0.1% FSR. 


MECHANICAL SPECIFICATIONS 



PIN CONNECTIONS 
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FIGURE 2. MP1 1 Timing Diagram. 
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PROGRAMMING 


These units are easily programmed since all are treated as 
memory locations. They use any memory reference 
instruction that can write data from internal registers or 
the accumulator. A single instruction can be used to write 
data to one or both channels. When the MP10 is used 
with an 8080, a single SHLD instruction referenced to the 
lower of the two addresses will automatically transfer the 
data in the H register to DAC1 and the data in the L 
register to DAC2. An STA instruction will transfer the 
data in the accumulator to either DAC. When the M P 1 1 
is used with a 6800, a single STX instruction referenced to 
the lower of the two addresses will automatically transfer 
the eight upper bits of the index register to DAC 1 and the 
eight lower bits to DAC2. An STAA instruction will 
transfer the contents of the accumulator to either DAC. 
Of course, if direct addressing is not desired, MOV 
instructions may be used to transfer data from internal 
registers to a specific DAC memory location. As with any 
programmable peripheral, the MPlOand MP1 1 must be 
initialized. 


MP10 INITIALIZATION 

The RESET input controls the status of the control 
register of the M P 1 0. An active high on this line will reset 
the control register to all “zeros”. 

The M P 10 will require initialization every time RESET is 
activated. If RESET is connected to ground, the MP10 
must be initialized only once before output of the data. 


MP10 INITIALIZATION SEQUENCE: 

1. Load initialization address 

2. Load initialization data 


MP10 INITIALIZATION ADDRESS: 

A15A14A13 A12A1 1 A10 A9 Ah A7 Aft As A4 Ay A: Ai Ao 

X X 1 1 1 1 1 1 1 1 1 1 a_^a 1 1 

User 

Defined 

X = don’t care, not connected to MP10 
1 = True 


MP10 INITIALIZATION DATA 

D7 D(, 

Ds 

d 4 

Dy D2 Di Do 

1 0 

0 

0 

0 0 0 0 = 80ift 


MVI M, DATA; DATA = 80 

Loads initialization data (80i<s) 
to initialization address 

The initialization sequence assigns internal registers to 
function as input registers for the D/A converters. Now 
data can be written into the MP10. This is accomplished 
by outputting the correct MP10 address: 


A] 3 A 12 An A 10 A9 Ag A7 A6 A5 A4 As A2 Ai Ao 

11 11 1 1 1 1 1 1 a a 0 0 


OUTPUT 1 


User 

Defined 


1 


1111 
OUTPUT 2 


a a 0 1 

User 

Defined 


The B: and By inputs determine the address to which the 
M P 1 0 will respond. The four memory locations which are 
possible are outlined below: 


b 2 

By 

a 2 

Ay 

0 

0 

0 

0 

0 

1 

0 

1 

1 

1 

0 

1 

■ 

0 

1 



At the time that the address appears on the address bus, 
data will appear on the data bus and aR/W pulse will be 
generated by the microprocessor. After 25/zsec, the analog 
voltage will be stable at the selected output. Timing 
requirements shown in Figure 1 must be satisfied in order 
for the MP10 to be initialized and operate correctly. 
These timing requirements are completely compatible 
with the 8080. 


MP11 INITIALIZATION 


The RESET input controls the status of the control and 
peripheral registers o f the M P 1 1 . The initialization 
sequence will differ if RESET is connected to a master 
reset line of a microprocessor or if it is hard-wired to V cc . 
The MP 11 will require initializat ion ever y time the 
RESET line is activated low. If the RESET line is hard 
wired to V cc , the MP11 must be initialized only once 
before output of the data is attempted. 


MP1 1 ADDRESS STRUCTURE 

A 1 5 Ah A 1 3 A12 An A 10 A9 Ag Ay A?, As A4 Ay Ay Ai Ao 

X X 1 1 1 1 1 1 I I 1 1 0 a Y Y 


For 8080 the sequence may look as follows: 

LXI H, ADDR; ADDR = Initialization address 

Loads H & L registers with 
initialization address 


Ais, Am - don’t care, not connected to MP1 1 
A: - Address is user selectable 

Ao, Ai - Addresses control the initialization sequence 
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Initialization sequence when RESET is hard wired to V cc : 


1. Load accumulator with “zeros” 




2. Store accumulator at memory locations: 




> 

> 

> 

> 

> 

> 

O 

> 

> 

> 

> 

> 

> 

> 

> 

A, 

Ao 


X X 1 

1 1 1 1 1 1 1 1 1 1 0 a 

1 

0 

Address of Control register A 

A15A14A 

1 3 Ai 2 Ai 1 A10 A9 Ag A7 At, A5 A4 A3 A2 

A, 

Ao 


X X 1 

1111111110a 

1 

1 

Address of Control register B 

3. Load accumulator with “ones” 




4. Store accumulator at memory locations: 




A15A14A 

1 3 A 1 2 A 1 1 A10 A9 Ag A7 Aft A5 A4 A3 A2 Ai 

Ao 


X X 

! 1 1 1 1 1 1 1 1 I 0 a 

0 

0 

Address of Peripheral register A 

X X 

; 1 1 1 1 1 1 1 1 1 0 a 

0 

1 

Address of Peripheral register B 

X X 

1111111110a 

1 

0 

Address of Control register A 

X X 

1 1 1 1 1 I 1 1 I 0 a 

1 

1 

Address of Control register B 

For the 6800 this sequence can be written as follows: 


LDAA 

“zeros” 



Loads Zeros in accumulator 

STAA 

Address of control register A 



Stores zero’s in C.R.A. 

STAA 

Address of control register B 



Stores zero’s in C.R. B 

LDAA 

“ones” 



Loads one’s in accumulator 

STAA 

Address of peripheral register A 



Stores one’s in P.R.A 

STAA 

Address of peripheral register B 



Stores one’s in P.R.B. 

STAA 

Address of control register A 



Stores one’s in C.R.A 

STAA 

Address of control register B 



Stores one’s in C.R.B 

Or as: LDX 

# $0000 



Loads zero’s in index register 

STX 

$ Address control register A 



Stores zero’s in C.R. A and B 

LDX 

#$1111 



Loads one’s in index register 

STX 

$ Address peripheral register A 



Stores one’s in P.R. A and B 

STX 

$ Address control register A 



Stores one’s in C.R. A and B 


Initialization sequence when RESET line is connected to 
master reset (control registers A and B are always set to 
zero after master reset and only ones need to be stored in 
the registers): 

LDAA “ones” 

STAA Address Peripheral register A 
ST A A Address Peripheral register B 

STAA Address Control register A 

STAA Address Control register B 

or as: 

LDXX #$1111 

STX $ Address Peripheral register A 

STX $ Address Control register A 


Now data can be written into M P 1 1 . This is accomplished 
by outputting the correct MP11 address: 


AhAuAmA,:A,i Aw A„ As A’ A„ A. A 4 A, A : A, A„ 

XXI I 1 I 1 1 1 1 1 lOaOO OUTPUT I 

XXIIIIIIIIIIOaOl OIJTPU'I 2 

At the time that the address appears on the address bus, 
data will appear on the data bus, and if the R/W and 
Enable pulses are correctly timed, 25/usec from the true 
address the analog voltage will be stable at the selected 
output. 

Timing requirements shown in Figure 1 must be satisfied 
for the MP1 1 to be initialized and operate correctly. All 
timing requirements are completely compatible with 6800 
microprocessors. User definable address line A2 used in 
conjunction with the B2 input allows the user to place the 
MP11 in two different memory locations or use two 
different MP1 fs in order to expand the analog system to 
four outputs. When B 2 is wired to logical 1, the MP1 1 
responds to an A 2 address of 0 and when B : is wired to a 
logical 0, the MP1 1 responds to an A2 address of 1. 
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TEST PROGRAMS 

The test circuit and test programs following allow the user 
to test the operation of the MP10 or MP1 1. The test may 
be conducted by setting up the MP10/MP1 1 as shown in 
Figure 3. The microprocessor system should have a 
teletype/ CRT terminal interface. The programs will step 
through several output voltage levels for each DAC 
output (see Figure 4). Notice how the software is different 
for the two test programs to illustrate two software 
approaches. 



FIGURE 3. Test Circuit for MP10/MP11. 


MP10 Test Program 


Initialize MP10 


LXI H ADDR X 


LOOP 1 rMOV A,M 

STA ADDR2 
INX H 
CALL Cl 
CPI 
8D 

JNZ LOOP1 
LXI ADDR X 
LOOP 2 r-MOVA, M 
STA ADDR3 
INX H 
CALL Cl 
CPI 
8D 

1 — JNZ LOOP2 
RET 


Address of the first 
byte of data. 

Load ACC with first byte 
of data. 

Output to MP10 DAC1 
Increment ADDR1 
Call Input routine 
Wait for any character 
except carriage return 


Output to MP10 DAC2 
Increment ADDR1 

Wait for any character 
except carriage return 


The MP10 test program will output five different voltages 
from DAC1 and then from DAC2 (see Figure 4). DAC1 
will initially output -10V. To step through the other 
values for DAC1 enter any character other than carriage 
return (CR). To transfer control to DAC2, enter CR. 
DAC2 will output -10V. To step through the other values 
for DAC2 enter any character except CR. To exit the test 
program, enter CR. 


Store the following codes in memory beginning with 
location ADDR X: 

ADDR X — FF 
ADDR X + 1 - BF 
ADDR X + 2 - 7F 
ADDR X + 3 - 3F 
ADDR X + 4 - 00 

ADDR 2 is the address of output 1, ADDR 3 is the address 
of output 2: 


MP11 Test Program 




Initialize MP11 

LDX 

# $ FFFF; 

Load index register 

STX 

ADDR 1; 

Store FF in each DAC 

JSR 

INP 



LDX 

# $ BFBF; 

Load index register 

STX 

ADDR 1; 

Store BF in each DAC 

JSR 

INP 



LDX 

# $ 7F7F; 

Load index register 

STX 

ADDR 1; 

Store 7F in each DAC 

JSR 

INP 



LDX 

# $ 3F3F; 

Load index register 

STX 

ADDR 1; 

Store 3F in each DAC 

JSR 

INP 



LDX 

#$0000; 

Load index register 

STX 

ADDR 1; 

Store 00 in each DAC 

JSR 

INP 



LDAA 

ADDR X 

Load Statusl 

Wait for 



of ACIA 1 

, TTY 

Bit A 

#01 

1 

input 

BEQ 

INP 

J 


LDA A ADDR X + 1 

Load Data \ 




From ACIA 


CMP 

A 

I 

Jump back 

8D 



^ to test 

BNE 

Back 


program or 

return to 

JMP 

Return 


main program 


BACK RTS 



The MP1 1 test program will output -10V from both DAC1 
and DAC2 then wait for an input from the TTY. Any 
character except CR will advance both DAC’s of the MP1 1 
to the next value as defined in Figure 4. CR terminates test 
program by jumping to RETURN. 

ADDR 1 is the address of output 1, ADDR X is the address 
of the ACIA. 


Step 

Ideal Output 

Actual Output Limits 

1 

-10V 

-9.922V to -10.078V 

2 

-5.0V 

-4.922 to -5.078 

3 

0.000V 

-0.078 to +0.078 

4 

+5.0V 

f4.972 to +5.078 

5 

+9.922V 

+9.844 to +10.000 


FIGURE 4. Output Voltages for Test Programs. 
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APPLICATIONS 


Reprinted from Electronics, July 6, 1978, Copyright © Me Graw-Hill, Inc., 1978. 

FLOWCHART USING 8080 and MP10 


ANALOG INPUT AND ANALOG OUTPUT 

Although the MPIO and MP1 1 are analog output peripherals, they can be easily 
adapted to provide both analog inputs and outputs. 

With the addition of a few external components, these units can each provide one 
analog input and one analog output for your system as shown below: 


MP10 ANALOG INPUT/OUTPUT 



MP11 ANALOG INPUT/OUTPUT 



These systems use the microcomputer system to perform the logic of a successive 
approximation A/D converter, using one channel of the MPIO or MP11 to 
provide the D/A converter reference function required. In a successive 
approximation converter, the analog input is compared to known outputs of a 
D/ A converter. First,, the microcomputer turns the MSB on, waits for the settling 
time of the MPIO or MP1 1, and the switching time of the comparator, then reads 
the status. If the comparator indicates that the MSB voltage is smaller than the 
analog input, the MSB input to the MP10/MP1 1 stays “on” and the next most 
significant bit is turned on. If the comparator indicates that the MSB value is 
larger than the analog input, the microcomputer will turn the MSB “off" and turn 
“on” the next most significant bit. In this way all 8 bits of the D/ A converter are 
tested. When the conversion is complete, the input of, the D/ A converter will be a 
digital representation of the analog input. This value will also be stored in the 
microprocessor’s accumulator (complementary binary). 

The A/D conversion will require approximately 900 microseconds when 
performed in this manner. Burr-Brown will shortly have available a detailed 
application note describing this process including all software required. 



Read Comparator Into A 
Test Register 

Set Sign Flag. Reset Carry Flag 


Yes 

(A- = 0) 


Save Result In I) 

HZJ 



FLOWCHART USING 6800 and MP11 
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BURR -BROWN® 




MP20 


M icroprocessor- 1 nterfaced 
8-BIT DATA ACQUISITION SYSTEM 


FEATURES 

• COMPATIBLE WITH: 

8080A 

8085 

8008 

8048 

Z-80 

SC/MP 

• EASY TO PROGRAM 

Choice of ways to interface: 

Memory-mapped or I/O mapped 
Only one instruction to acquire data 

• EASY TO USE 

Completely compatible with 8080A microprocessors 

PPA is not needed 

No external logic needed 

No external adjustments 

Low or high level analog inputs 

Unlimited expansion 

• COMPLETELY SELF-CONTAINED 

• LOW COST 

• SAVES DEVELOPMENT TIME AND MONEY 


International Airport Industrial Park - P.0. Box 11400 ■ Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 






DESCRIPTION 


The MP20 is a complete analog input system packaged in 
an 80-pin quad-in-line package. It is completely 
compatible with 8080A and 8008 microprocessors. It is 
also compatible with SC/MP and with the Z-80. The 
MP20 contains a high speed 8-bit A/D converter, an 
instrumentation amplifier, an input multiplexer that can 
accept up to 16 single-ended signals or 8 differential 
signals as well as interface, timing and address decoding 
logic. The gain and offset are internally laser trimmed so 
that no external adjustments are required on the ±5V or 0 
to +5V input range to obtain an absolute accuracy of 


better than ±0.4% (1 LSB). The system can digitize low 
level or high level analog signals. The gain of the internal 
instrumentation amplifier can be programmed with a 
single external resistor to allow input signal ranges as low 
as ±10 mV. This means that the MP20 can be connected 
to low level sensors such as thermocouples and strain 
gauges without external signal amplification. 

The address lines AO through A 15 are low power 
Schottky TTL compatible and can be connected directly 
to the address bus of an 8080A or 8008. All digital input 
lines require standard LSTTL voltages. 


PROGRAMMING 


When programming these peripherals, the user treats 
them as memory. Each analog input channel occupies one 
memory location. Any memory reference instruction can 
be used. Since most microprocessors have been optimized 
for memory usage, memory reference instructions are the 
most powerful instructions in a microprocessor’s 
repertoire. The MP20 is treated as memory to simplify 
software and allow an almost unlimited number of 
systems to be connected to a single processor. Pins A4 to 


MP20 BLOCK DIAGRAM 


A 14 are made available so that the microperipheral 
address can be hardwired for almost any possible 
memory location. Since these units are treated as 
memory, a single instruction is all that’s needed to read an 
input channel. For instance, when the MP20 is used with 
an 8080A, a single instruction, LHLD, can be used to 
input data to the H and L registers from two consecutive 
analog inputs. Likewise, a single LDA or MOV 
instruction will input data from one channel to the CPU. 

ANALOG INPUTS 


o— 

o— 

o— 

o— 


05 
o “ 


A10 

All 

Alt 

A13 

A14 

A15 

A4 

31 

*§ 

Xa 

X9 

XQ5 

m 

A12 

M3 

xre 

, MEMR 

RESET 

DBIN 

ENABLE 


Address 

Decoder 


I Address 
>Selec. 


w w 

J _) 

a a 
< < 
ZZh 
U3W S 
X X “ 
D5Z 
2 2 w 

999 


2Z ZZZZZZ Z Z 2 ZZ Z 2 Z 


Control 

Logic 


8 channel 

8 channel 

Analog 

Analog 

Multiplexer 

Multiplexer 


Control 

Logic 


Tri-state 

Output 



6.2$k 


8 Bit 

An alog-t o-digit al 
Converter 


— O MUX OUT LO 

1- O MUX OUT HI 

2- 0 IA IN LO 

Lq ia in hi 


~°l 


3 } GAIN ADJUST 


— O IA OUT 


-O ADC IN 1 
l0 ADC IN 2 
COMP. IN 


-O BPO 
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SPECIFICATIONS 

(Typical at 25°C unless otherwise noted.) 


ELECTRICAL 

TRANSFER CHARACTERISTICS 


Resolution 

8 bits binary 

Number of channels 

16 single-ended/ 8 differential 

Throughput rate 1 " (max) 

40 jusec/ channel 

ANALOG INPUTS 


ADC gain ranges 

0-5 V, 0-10V, ±2.5V, ±5V, ±10V 

Amplifier gain range 

2 to 250 

Amplifier gain equation 

G = 2 + SOkn/RKx-r' 2 ’ 

Max input voltage without damage 1 ’ 1 

±20 volts 

Max input voltage for multiplexer 


operation 

±6 volts 

Input impedance 

5 x lO^fi || 10 pF - OFF channel 


5 x 10 9 n II 100 pF - ON channel 

Bias current 25"C 

100 nA 

0 - 70"C 

200 nA 

Amplifier output noise 


Gain = 100, R s - 500 H 

400 m v rm s (10 Hz to 10 kHz) 

Amplifier input offset voltage (max) 

±1 mV 

Amplifier offset voltage drift 

±(6 + 50 G) mV 'C 

Amplifier settling time (to .1% FSR) 


G = 2 

20 ms 

G = 10 

25 ms 

G = 50 

50 ms 

G = 100 

100 ms 

G = 200 

200 ms 

CMRR (for differential inputs) G = 2 

70 dB (DC to 60 Hz) 

ACCURACY 


Throughput accuracy 


±5V range (max) 14 ’ 

±0.4% of FSR 1 " 

0-5V range (max) 14 ’ 

±0.4% of FSR 

±50 mV range (max)"” 

±0.8% of FSR 

0-50 mV range (max) 1 '” 

±0.8% of FSR 

Linearity (max) 14 ’ 

±0.2% of FSR 

Differential linearity' 4 ’ 

±0.2% of FSR 

Quantizing error 

±1/2 LSB 

Gain error' 4 ’ 

±0.1% 

Offset error' 4 ’ 

±0.1% of FSR 

Power supply sensitivity 


±!5V 

±0.02%/ %AV( t 

+5V 

±0.002%/ %AV (C 

STABILITY OVER TEMPERATURE 


System accuracy drift' 7 ' (max) 

±40 ppm/°C 

Linearity (max) 

±20 ppm/°C 

Monotonicity (0"C to +70"C) 

Guaranteed 

DIGITAL INPUT/OUTPUT 


All signals are compatible with 


Microprocessor bus 


Output coding 

Binary or Binary two’s complement 

Logic loading 

All digital inputs are one LSTTL load 

Output drive (DO - D7) 

5 TTL loads or 20 LSTTL loads 

An analog input channel is selected by: 

A0 - A3 

The output data bits are read into: 

DO - D7 

POWER REQUIREMENTS 


Rated voltages 

±15V, +5V 

Range for rated accuracy 

4.75 to 5.25 and ±14.5 to ±15.5V 

Supply drain + 15V 

+30 mA 

+5V 

+90 mA 

TEMPERATURE RANGE 

0°C to +70°C 


(1) Includes 35i*sec for mux and amplifier settling time and 5/xsec for ADC conversion time. 

(2) Rfxt is the resistance between pins 1 and 3. 

(3) With power applied. 

(4) Gain = 2, with no external adjustments. 

(5) FSR is Full Scale Range (FSR is 10V for ±5V range). 

(6) Gain = 100 with external gain and offset trim. 

(7) Includes gain drift, offset drift and linearity drift. 


MECHANICAL 



MATERIAL: Ceramic 
WEIGHT: 32 grams (1.2 oz) 

PINS: Pin material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2) 

MATING CONNECTOR: 2350MC (Set of four 20 pin strips) 



PIN CONNECTIONS 

Pin 1 

IA GAIN ADJUST 

Pin 41 

A14 

2 

IA IN HI 

42 

A14 

3 

IA GAIN ADJUST 

43 

A15 

4 

MUX OUT HI 

44 

MEMR 

5 

IN 7 

45 

DBIN 

6 

IN 6 

46 

ENABLE 

7 

IN 5 

47 

RESET 

8 

IN 4 

48 

READY 

9 

IN 3 

49 

DELAY ADJ 

10 

IN 2 

50 

+5V 

11 

IN 1 

51 

DIG. COM 

12 

IN 0 

52 

OUTPUT SELECT 

13 

MUX ENABLE 1 

53 

D7 (MSB) 

14 

MUX ENABLE 2 

54 

D6 

15 

SIN DIF 

55 

D5 

16 

A0 

56 

D4 

17 

A 1 

57 

D3 

18 

A2 

58 

D2 

19 

A3 

59 

D1 

20 

A4 

60 

DO (LSB) 

21 

A4 

61 

-15V 

22 

A5 

62 

+ 1 5 V 

23 

A5 

63 

COMP IN 

24 

A6 

64 

ANA. COM 

25 

A6 

65 

BPO 

26 

A7 

66 

R2 

27 

A7 

67 ; 

R 1 

28 

A8 

68 

IA OUT 

29 

A8 

69 

IN 8 RET 0 

30 

A9 

70 

IN 9 RET 1 

31 

A9 

71 

IN 10 RET 2 

32 

AI0 

72 

IN 1 1 RET 3 

33 

AI0 

73 

IN 12 RET 4 

34 

All 

74 

IN 13 RET 5 

35 

All 

75 

IN 14 RET 6 

36 

AI2 

76 

IN 15 RET 7 

37 

A12 

77 

MUX OUT LO 

38 

A13 

78 

OFFSET NULL 

39. 

A13 

79 

IA IN LO 

40 

ADDR DECODE OUT 

80 

OFFSET NULL 
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PIN FUNCTIONS 


IA GAIN (Optional). Pin 1 and Pin 3. By connecting 

ADJUST a resistor between pin 1 and 3 the gain of 
the internal instrumentation amplifier can 
be varied as follows: 

Gain = 2 + 50kH/R 

where R is the gain setting resistor. The I A 
is factory adjusted for a gain of 2 without 
any external resistor. 

Important: If a gain greater than 10 is 
required an external capacitor must be 
connected from “DELAY” (pin 49) to 
+5V. This increases an internal delay to 
allow for the increased settling time of the 
instrumentation amplifier. 

IA IN HI Pin 2. This is the positive input of the 
internal instrumentation amplifier. This 
should be connected to pin 4 (MUX OUT 
HI) for normal operation. 

MUX Pin 4. This is the high output of the analog 

OUT HI input multiplexer. This is connected to pin 
2 (I A IN HI) for differential operation. It is 
connected to pin 77 (MUX OUT LO) and 
pin 2 for single-ended input operation. 

IN7 - INO Pins 5-12. The first 8 (of 16) analog inputs 
for single-ended operation or the 8 positive 
inputs for 8 channel differential input 
operation. 

MUX Pin 13. Leave open for single-ended input 

ENABLE 1 operation. Connect to pin 14 (MUX 
ENABLE 2) for differential input 
operation. 

MUX Pin 14. Connect to pin 15 (SIN /DIF) for 

ENABLE 2 single-ended input operation. Connect to 
pin 13 (MUX ENABLE 1) for differential 
input operation. 

SIN / DIF Pin 1 5. Single/ Differential input operation 

connect to pin 14 (MUX ENABLE 2) for 
single-ended operation. Leave open for 
differential input operation. 

AO - A3 Pin 16-19. Address lines that select one of 
16 analog input signals (INO - IN 15). 0000 
selects channel 0 and 1111 selects channel 
15 when the correct address is presented to 
the MP20. Connect A3 to ground for 8 
channel differential operation. 

A4 - A 1 5 Address lines. Pins 20, 22, 24, 26, 28 30, 32, 

34, 36, 38, 41, and 43. When the proper 
address is pres ented to the MP20 in 
addition to the MEMR (pin 44) pulse, the 
conversion is initiated. 

A4 - A 14 Address select lines. Pin 21, 23, 25, 27, 29, 
31, 33, 35, 37, 39 and 42. By connecting 
these lines to DIG COM or +5 volts 
(through a lkfl resistor) almost any 
address can be assigned to the MP20. For 


example if A4 is connected to GND., the 
correct (valid) address for A4 is a “1” 

(> + 2 . 0 ). 

ADDR DEC Pin 40. A positive pulse will appear when a 
valid address appears on the MP 20 address 
lines and MEMR (pin 44) is low. The rising 
edge of this pulse strobes the input channel 
select information (A0 - A3) into a latch. It 
can also be used for external purposes. 

MEMR Pin 44. Memory read. A “Low” pulse on 

this line along with a correct address will 
enable DO - D7 (data lines). Also used to 
initiate a conversion. 

DBIN Pin 45. Connect to DBIN on 8080. 

ENABLE Pin 46. Enables MP20 output. Connect to 
ground for normal operation (see figure 7). 

RESET Pin 47. A “Low” on this line is required to 

RESET the MP20. Connect to RESIN 
input of the system’s 8224 or invert 8080’s 
RESET input. 

READY Pin 48. When the MP20 is “Read” by the 
microprocessor, the READY line will go 
“Low” until conversion is complete. If the 
READY line is used to halt the CPU, the 
8080 will enter a “Wait” state (T w ) until the 
multiplexer, instrument amp, and A/D 
converter have completed converting the 
analog data to a binary 8 bit code (40 pisec 
with gain ^ 10). The READY line will then 
return to its “High” state which releases the 
processor from the T w state. The output 
data appears on the data bus (DO - D7) 
during the T 3 state. 

DELAY ADJ Pin 49. When the MP20 is addressed, an 
internal delay of approximately 35ptsec is 
initiated to allow for multiplexer and 
instrumentation amplifier settling time. 
When the I A is operated with gain > 10 this 
delay must be increased (see figure 4 and 
figure 5) to allow for the increased settling 
time of the IA. 

-f5V Pin 50. +5 volt at 140 mA maximum, 

90 mA typical. 

DIG COM Pin 51. Digital common. This pin should 
be connected to analog common (pin 64) as 
close to the MP 20 as possible for optimum 
performance. 

OUTPUT Pin 52. This pin should be connected to 

SELECT DIG COM to obtain binary data at DO - 
D7. To obtain two’s complement data 
(bipolar mode) connect pin 52 to +5V 
through a 1 kfl resistor. 

D7 - DO Pin 53 - 60. 8 bit data bus. Tri-state low 
power Schottky TTL compatible. 
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-15V 
-I- 15V 
COMP IN 


ANA COM 


BPO 


R2 


Pin 61. -15 volt at 30 mA typical. 

Pin 62. +15 volt at 30 mA typical. 

Pin 63. Comparator input of 8 bit A/D 
converter (successive-approximation). 
Leave open for unipolar operation or 
connect to “BPO” (pin 65) for bipolar 
operation. 

NOTE: This point is extremely sensitive to 
noise. Any connection to this line should 
be as short as possible and shielded by 
ANA COM or ±15 volt supply patterns. 
Pin 64. Analog common should be 
connected to digital common (pin 51) as 
close to the MP20 as possible for optimum 
performance. 

Pin 65. A/D converter bipolar offset. It 
should be connected to ANA COM (pin 
64) for unipolar operation of COMP IN 
(pin 63) for bipolar operation. 

Pin 66. A/D converter input resistor. 
Connect to IA OUT (pin 68) for 0 to +5V 
input unipolar operation or ±2.5V input 
bipolar operation. Leave open for ±5V 
input bipolar operation. 


R1 Pin 67. A/D converter input resistor. 

Connect to IA OUT for ±5 volt operation. 

IA OUT Pin 68. Instrumentation amplifier output. 

Connect to R1 (pin 67) or R2 (pin 66) for 
normal operation. 

IN 8 - IN 15 Pin 69 - 76. Analog inputs 8 through 15 for 
RET0-RET7 single-ended operation or analog returns 0 
through 7 for differential input operation. 
MUX Pin 77. Multiplexer output for 

OUT LO INg - in is 
RET0-RET7 

Connect to “MUX OUT HI” (pin 4) and 
“I A IN HI” (pin 2) for single-ended input 
operation or connect to “IA IN LO” (pin 
79) for differential input operation. 

OFFSET Pin 78, 80. Optional instrumentation 
NULL amplifier offset adjust (see figure 1). 

IA IN LO Pin 79. Negative input of instrumentation 
amplifier. Connect to ANA COM (pin 64) 
for single-ended input operation or “MUX 
OUT LO” (pin 77) for differential input 
operation. 
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SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

D7 - DO 

X status X 

X data OUT X 

t\i> 

Delay from MEMR 




j 


to ADDR. DEC. 


25 

ns 





Delay from MEMR 
and correct address 


100 


MEMR 

\ 

/ 

tos 

Delay from 



ADDRESS 




90 

ns 


READY to/L 

J— 

\ 



pprripF'p 

Output Data Stable 












/ \ 


from DB1N 

Conversion time 

- 

40 

ns 

D BIN 


- 

40 

ns 

(READY low) 


The LDA Instruction will READ the data from the previous conversion and start a new 
conversion. The new data can be read in 40 ns (max). 

CAUTION: Do not read the MP20 while a conversion is in progress or an erroneous 
output may result. 

MP20 Timing Diagram (LDA Instruction without stopping microprocessor during conversion). 


OPERATING INSTRUCTIONS 


PROGRAMMING 

The MP20 is easily programmed since it is treated as 
memory. It uses any memory reference instruction that 
can read data. A single instruction can read data from one 
channel (LDA) or two adjacent channels (LHLD). 

Example: MP20 used with an 8080. MP20 base address - 
FF70; acquire data from channels FF70 through 
FF72. Normal operation. 

LHLD FF70 Acquires data and transfers channel 0 
(FF70) data to L register and channel 1 
(FF7 1) data to H register. 

LDA FF72 Acquires data from channel 2 (FF72) and 
transfers to the accumulator. 

The MP20 may be operated in several programming 
modes. The minimum software approach (i.e., one 
instruction to acquire data as described above) is to halt 
the CPU during conversion (40 nsec). This mode of 
operation is effected by connecting the READY line (pin 
48) of the MP20 to the 8080’s READY input. The MP20 
may also be operated without halting the CPU. In this 
mode of operation conversion may be initiated by a 
memory read instruction referenced to the proper 
channel. When the conversion is complete, the data value 
may be acquired by another read instruction. The second 
read instruction can be referenced to any channel address 
of the MP20. This instruction should be addressed to the 
next channel to be acquired since it will start a conversion 
cycle. 

Example: MP20 used with an 8080. MP20 base address - 
FF70; acquire data from channels FF70 through 
FF72. Do not halt CPU. 


LDA FF70 

i 

LDA FF71 


Starts conversion of channel 0 (FF70). 

At least 40 microseconds of software here to 
insure that conversion is complete. 

Transfers conversion data from chrmnel 0 
(FF70) to accumulator and starts conversion 
of channel 1 (FF71). 

At least 40 microseconds of software. 


LDA FF72 


LDS FF7X 


Transfers conversion data from channel 1 
(FF71) to accumulator and starts conversion 
of channel 2 (FF72). 

At least 40 microseconds of software. 

Transfers conversion data from channel 2 
(FF72) to accumulator and starts conversio * 
of any other channel of data. 


The time required for conversion may be between 40 and 
200 microseconds depending upon the gain of the internal 
instrumentation amplifier. Therefore, the 40 
microsecond time between LDA instructions shown 
above could be as long as 200 microseconds for a system 
used in the highest gain mode. If desired, the READY line 
may be polled to determine that conversion is complete 
and the data output valid. Of course, if direct addressing 
is not desired, MOV instructions may also be used. 


Example: MP20 used with an 8080. MP20 base address 
FF70. Normal Operation. Read and Print the 
value of all 16 input channels and then stop. 


CROUT 

NMOUT 


BEG 1: 


EQU 01F3H (01EEH) 

EQU 02C2H (02C3H) 

LXI SP 3FFFH (13EDH) 

LXI H 0FF70 H :Address for channel zero 
•.Read data from board 
: Print CR & LF 


MOV D, M 
CALL GROUT 
MOV A, D 
CALL NMOUT 


:Print data 
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:Next channel 


INX H 
MOV A, L 

CPI l(jl :Have all 16 channels 

been read? 

JZ WHOA 
JMP BEG 1 
WHOA: HLT 

This program assumes that the system is under the 
control of the SBC80/10 prototype package monitor 
(M80P, version 1.0, March 1, 1976). The locations in 
parenthesis are used with the MCS-80 system design kit. 
The base address of the MP20 is set by inputs A4 through 
A 14. Address lines A4 through A 14 respond to the 
inverse of inputs A4 through A 14. For instance, if A6 is 
grounded, A6 will respond to a “high” input. A 15 is 
internally connected to respond to a “high” input. 

ANALOG INPUT RANGE SELECTION 


The MP20 may be set for any range between ±5V and 
±10 mV. Table I shows the pin connections for the 
various high level ranges available. 


MP20 Input 
Range 

Gain 

ADC Range 

Pin Connections 

±5V 

2 

±10V 

65 to 63; 66 open; 67 to 68 

±2.5V 

2 

±5V 

65 to 63; 66 to 68; 67 open 

±I.25V 

2 

±2.5V 

65 to 63; 66 to 68; 63 to 67 

0 - 5V 

2 

0- I0V 

65 to 64; 66 to 68; 67 open 

0 - 2.5V 

2 

0 - 5V 

65 to 64; 66 to 68; 63 to 67 


Table I. Analog Input Range Pin Connections 


The MP20 may be set to output data with straight binary 
coding (pin 52 grounded) or two’s complement coding 
(pin 52 to +5VDC through a 1 kH resistor). Straight 
binary coding is typically used with unipolar input ranges 
and two’s complement coding with bipolar input ranges. 
Table II describes the coding. 

The internal instrumentation amplifier is factory set for a 
gain of 2. This gain can be increased to 250 by adding an 
external resistance (R e xi) between pins 1 and 3. R cx t should 
be a stable resistor (10 ppm/°C) since this temperature 
drift will add to the accuracy temperature coefficient. The 
gain of the amplifier can be determined by this formula: 
50 k 

Gain = 2 + With pins 1 and 3 open, the gain is 2. 

Rext - 

Since the amplifier input offset will be multiplied by the 
amplifier gain, an offset adjust may be required (see figure 
lb). 



(a) 


R l + R2 

R2 is fine adjust 



(b) 


-15VDC 

-o 


FIGURE 1. (a) MP20 Gain Adjust; (b) Offset Adjust 

SINGLE ENDED VS. DIFFERENTIAL INPUTS 

The MP20 analog inputs may be connected as single- 
ended, differential or pseudo-differential. Single-ended 
operation may be used for high level (over one volt full 
scale) signals in low noise environments (Figure 3). 
Differential operation will reject common-mode noise 
appearing on both inputs (Figure 2). It should be used in 
noisy environments or with any low level signal (less than 
one volt). In the pseudo-differential mode, the MP20 is 
connected as for the single-ended mode in Figure 3 except 
the I. A. low input, pin 79, is not grounded. Pin 79 is 
connected to an external ground that is common to all of 
the analog inputs. In cases with a noisy remote ground 
where little noise will be picked up between sensor and 
MP20, the pseudo-differential mode may be used. 


The M P20 is set for single-ended operation when wired as 
shown in Figure 3. The microprocessor address lines are 
connected as indicated in the Pin Connections table on 
page 6-207. Differential operation occurs when the unit is 
connected as in Figure 2. However, address line A3 (Pin 
19) should be grounded and A3 on the microprocessor 
connected to A4 on the MP20. The remainder of the 
higher ordered microprocessor address bits should be 
connected to the next higher bit on the MP20. 



FIGURE 2. Differential Input Connections 



DIGITAL OUTPUT 

ANALOG INPUT 

Straight Binary Code 

Two's Complement Code 


±5V : 

0 to +5V 

± lOmV 

llll llll (FFih) 

0111 llll (7F| h ) 

+Full Scale 

+4.961 V 

+4.980V 

+9.92mV 

1000 0000 (80i„) 

0000 0000 (00i„) 

Mid-Scale 

o.ooov 

2.500V 

O.OOOV 

0000 0000 (00i„) 

1000 0000 (80|„) 

-Full Scale 

-5.000V 

O.OOOV 

- 10. 00m V 



One FSB 

39mV 

19.5mV 

78p V 


TABLE II. Analog Input Values 
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FIGURE 3. Single-ended Input Connections 

DELAY TIMING 


A delay time between channel selection and start of 
conversion is built into the MP20 to allow the analog 
multiplexer and instrumentation amplifier (I. A.) time to 
settle before starting the A/D converter. As the gain of 
the amplifier is increased, the settling time required 
increases. The factory set delay time (35 jusec) is sufficient 
for gains of up to 10. At higher gains, a capacitor must be 
added from pin 49 to the +5 VDC supply to increase the 
delay time. Figure 4 shows the settling time of the MP20 
vs. gain. Figure 5 shows the value of capacitance required 
to increase the delay. 
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FIGURE 4. Typical IA Settling Time vs Gain 
(Output Settling to ±0.1%) 



FIGURE 5. Typical Delay Time vs Capacitor Value 


The only external factor, other than gain, that effects the 
MP20 settling time is the impedance of the source 
connected to a channel. Figure 6 shows a circuit model of 
an “ON” channel. 

The signal at the output of the multiplier must be allowed 
to settle to ±0. 1% (six time constants) to maintain the full 
accuracy of the system. The multiplexer time constant 
can be calculated with the formula: r = (Rs + Ron) C g . For 
Rs = 1 kO and C G = 50 pF, r = (1.5 + 1) kfl x 50 pF = 
1 25ns. Thus 0.75 /jls is needed to settle to ±0. 1 %. For high 
input impedances requiring more than 10 microseconds 
for mulitplexer settling time, the required delay time may 

be calculated with this formula: TD=^T 2 mU x + T 2 i A , where 
Tmux is the settling time of the multiplexer and Tia is the 
settling time of the instrumentation amplifier as shown in 
Figure 4. If the source bandwidth can be limited, high 
impedance sources may be accurately handled by placing 
a large capacitance across the multiplexer input. An 
analysis of such a circuit shows that a capacitor of 0.5/uF 
is sufficient. For such a capacitance the multiplexer time 
constant becomes 80 ns. 



FIGURE 6. “ON” Channel Circuit Model 


INPUT OVERVOLTAGE PROTECTION 

As shown in Figure 6, the analog inputs have reverse 
biased diode circuits which protect from damage by 
overvoltage (such as static). It is still reasonable to take 
precautions against static discharge. The same circuitry 
protects the inputs from steady-state overvoltage damage 
during operation. The MP20’s overvoltage protection 
can be increased by adding series resistors at each input. 
The input resistance must limit the current flowing 
through the input protection diodes to 10 mA. For 
instance, if 15 kO resistors are added to each input, the 
protection is increased to 165V (16.5kfl x 10mA). 
Increased input resistance will, of course, increase the 
amount of time necessary for the multiplexer to settle as 
described in the previous section. 

OUTPUT ENABLE 

The circuitry used to enable the tristate output lines (D7 • 
DO) on the MP20 can be connected in such a way as to 
meet a wide variety of timing requirements. The output is 
enabled only when the address decoder ou tput (pin 40) is 
high, DBIN (pin 45) is high, and ENABLE (pin 46) is low. 
Any other combination of digital signals on these lines 
will result in D7 - DO being in a high impedance state (see 
Figure 7). 


6-212 



To ADDR. DEC. 



FIGURE 7. Output Enable Circuitry 

The com bination of a correct address and a memory read 
(MEMR - pin 44) command will caus e the address 
decoder output to go high. If ENABLE is not used it 
should be connected to DIG COM. If DBIN is not used it 
should be connected to +5 volts through a 1 kO resistor. 
Most applications will only require the use of one of these 
lines. 


RESET 

It is import ant to res et the MP20 on start up with a low 
pulse on the RESET line (pin 47) if the READY line (pin 
48) is being used to halt the processor. The reset pulse 
simply clears an internal flip-flop and guarantees that on 
start up the READY line will go high thereby not halting 
CPU. 

If the MP20 conversion cycle is being timed out by 
software control, a reset pulse is not necessary. If the 
RESET line is not used it should be connected to +5 volts. 


HIGHER SPEED OPERATION 

The MP20’s internal instrumentation amplifier requires 
35 microseconds to allow for settling time. If this internal 
amplifier is not used, substantial improvements in 
throughput rate can be obtained. This is easily done since 
neither the inputs or the output of the instrument 
amplifier are internally connected.The total delay time 
necessary may be calculated by this formula: 


Td —\J T 2 mux + T 2 ia, 



FIGURE 8. Typical Resistor Value to decrease 
Delay Time 

CALIBRATION 

The MP20 is laser trimmed at the factory to ±0.4% 
accuracy when using the ±5V or 0 to +5 V ranges. If one of 
these ranges is used, no adjustments are required. If the 
±2.5 V, ±1.25V or 0 to +2.5V ranges are used, an offset 
adjust only is required. For other ranges, both the gain 
and offset must be adjusted. Figure 1 shows the 
adjustment connections. The gain adjustment should be 
made such that the transition to a full scale output (1111 
1110 to 1111 1111 for straight binary) occurs with an 
input of positive full scale less 1 and 1 (2 LSB’s. One least 
significant bit (LSB) is the full scale range (FSR) divided 
by 2 n where n is the number of bits of the A / D converter. 
For the MP20, one LSB is FSR/2 8 = FSR/256. The 
offset adjustment should be made such that the transition 
to minus full scale output (0000 0001 to 0000 0000 for 
straight binary) occurs with an input of negative full scale 
plus one half LSB. For a range of ±50 mV, one LSB = 
100 mV/256 = 0.39 mV. The gain adjustment should be 
made at +50 mV - ( 1 .5)(0.39 mV) = +49.42 mV. The offset 
adjustment should be made at -50 mV + (0.5)(0.39mV) = 
49.80 mV. Table III shows offset and gain calibration 
values for typical ranges. 


MP20 

Input Range 

Instrument 
Amp Gain 

ADC Range 

Calibration Values ] 

Offset 

Gain 

. ±5V 

2 

±10V 

-4.980V 

+4.94 IV 

0 to +5V 

2 

0 to + I0V 

+9.8mV 

+4.97 IV 

±2.5V 

2 

±5V 

-2.490V 

+2.47 IV 

0 to +2.5V 

2 

0 to +5V 

+4.9mV 

+2. 485V 

±1.25V 

2 

±2.5V 

-1.245V 

+ 1.235 

0 - 50mV 

100 

0 to +5V 

+98 mV 

+49.7mV 

±25mV 

100 

±2.5V 

•24.9m V 

+24.7mV 

0 - 25 mV 

200 

0 to +5V 

+49 M v 

+24.9mV 


Table III. Calibration Values. 


where Tmux is the settling time of the multiplexer (750ns) 
and Tia is the settling time of the instrument amplifier. 
ForaTiA of 1 /usee we have T D = 1.3 /usee. Using 3 /usee for 
the delay time to allow for unit to unit variation, the total 
throughput time will be 8 /usee (including 5 microseconds 
for ADC conversion time) or 125 kHz. A resistor between 
pin 49 and +5 VDC will reduce the delay time from the 
factory set value of 35 microseconds (see figure 8). 


The following program may be used to adjust gain and 
offset. 

REF EQU 00H Offset Ref =00H 

Full Scale Ref = FFH 

CO EQU 01E8H(01E3H) Monitor routines 

CROUT EQU 01F3H(01EEH) 
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NMOUT 

EQU 

02C2H(02C3H) 



ORG 

3C50H 



LXI 

H, OFF70H 

Initialize 


LXI 

SP,3FFFH(13EDH) 


BEG 1 : 

MVI 

E,10H 


BEG2: 

LXI 

B, 0 


CLP: 

MOV 

A, M 

;Read data from 
board 


SUI 

REF 

^Increment data 
count if data = 
REF 


JNZ 

NEQ 



INR 

B 


NEQ: 

INR 

C 

;Have 100 
conversions 
been made? 


MVI 

A, 64H 



SUB 

C 



JNZ 

CLP 



MOV 

A, B 

;Yes, Print data 
count 


CALL 

NMOUT 



MVI 

C,20H 

;Print a space 


CALL 

CO 



DCR 

E 

;Full line been 
printed? 


JNZ 

BEG2 



CALL 

CROUT 

;Yes, Print CR 
&LF 


JMP 

BEG1 



END 




This program assumes that the system is under the 
control of the SBC80/10 prototype package monitor 
(M80P, version 1.0, March 1, 1976). The locations in 
parenthesis are used to allow the program to work witty 
the MCS-80 system design kit. It may be used for both 
offset and gain calibration. The system offset should be 
adjusted first, followed by the gain adjustment. 

The address of channel zero is assumed to be FF70. If it is 
not, the LXI H instruction should reflect that change. The 
reference values on the first line assume straight binary 
coding. For offset binary coding, Offset Ref = 80 and Full 
Scale Ref = 7F. 

A G3C50 monitor command will begin program 
execution. After 100 conversions have been made, the 
value (in hex) of the B register will be printed. This value 
represents the number of times the data read from the 
board was equal to “REF” (00 for offset; FF for gain). 
Calibration is performed by connecting a voltage source 
capable of 0.01% accuracy to input channel zero (this 
could also be a DC voltage source of less absolute 
accuracy whose output is monitored by a 0.01% DVM). 
The offset adjustment is made first by using the 
appropriate offset calibration voltage. Run the 
calibration program and adjust the on board offset 
potentiometer until the B register contains a value 
between 1 Ei 6 and 46i6 (30io and 70io). 


To perform the gain adjustment change the data labeled 
“REF” in the calibration program from 00 to FF, set the 
input voltage to the correct value as shown in Figure 8 
and adjust the on board gain potentiometer in the same 
manner as described for offset. 

If the SBC80 monitor is available, the substitute (S) 
command can be used to interrogate an input channel. 


THERMOCOUPLE TEMPERATURE 
ACQUISITION 

Thermocouples are often used as temperature sensors for 
process control systems. Thermocouples are 
characterized by temperature coefficients of 10 to 70 
/xV/°C and operating ranges of minus hundreds to plus 
thousands of degrees centigrade. When the MP20 is 
operated with an instrumentation amplifier gain of 100 or 
more, it may be connected directly to these devices. The 
wire runs from thermocouple to measuring device often 
pick up large common-mode noise signals of 60 Hz or 
higher frequencies. When the MP20 is used as an eight 
channel differential input system, the high common- 
mode rejection of the instrument amplifier will reject 
common-mode noise. To minimize differential mode 
noise, the signal wire should be twisted and if possible 
shielded. As a rule an unshielded twisted pair is better 
than a coax, and a shielded, twisted pair is still better. In 
applications where these wiring practices cannot always 
be observed, a differential RC filter may be used. Figure 9 
shows such a system. 

The 10 kfl resistors and 10 /uF capacitor provide low pass 
filtering (f c = 0.8 Hz) while the optional 1 Mfl resistors 
supply bias current to the instrumentation amplifier. The 
remote sensor should be earth grounded to prevent 
common-mode voltages from exceeding the ±5 volt range 
of the multiplexer. If the sensor is earth grounded, the 1 
MQ resistors are not required. The 1 Mfl resistors do not 
enter into an error calculation for input errors because the 
low resistance of the sensor shorts any differential voltage 
that might be caused by the offset (difference current) of 
the amplifier. Offset or difference current is merely the 
difference between the bias current of each input. See the 
overvoltage protection section for a discussion of the 
effects of the 10 kO in the input filter. The 1 MO resistors 
could have been put on the output side of the multiplexer 
eliminating the need for repeating them for each input; 
however, this would have loaded the 10 k resistors of the 
filter causing a possible 1% error for static conditions. 

To complete a thermocouple system it is necessary to 
terminate all thermocouple wire pairs at an isothermal 
box or connector strip of some type. An ordinary barrier 
strip may be monitored to allow the observed 
thermocouple emf to be cold junction compensated. 
Figure 9 shows an excellent circuit for this purpose. Its 
output is connected to one of the input channels to supply 
ambient temperature data to the system computer. Its 
output sensitivity is approximately 2 mV/°C. 
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FIGURE 9. Thermocouple Input System Using MP20 


PIN CONNECTION SUMMARY 



JUMPER 


JUMPER 

Single-ended 

Multiplexer 

4 to 2; 4 to 77; 79 to 64; 

15 to 14; 13 open 

Address Bus (A0-A1 5) 

Connect to 8080’s address bus 
AO- A 1 5 

Differential 

Multiplexer 

4 to 2; 77 to 79; 13 to 14; 

15 open 

Address Select (A4-A14) 

Connect to +5V* or Ground 

Amplifier 

1 and 3 open for G = 2; 

Rg Xt between 1 and 3 for G^2. 

Control Bus 

44 to 8228’s MEMR output 
(pin 24) 

45 to 8080’s DBIN output 
(pin 17) 

46 to ground 

47 to 8224’s RESIN input 
(pin 23) for normal operation 

48 open for operation without 
halting CPU. 

Input Range 
+ 5V 

+ 2.5V 
+ 1.25V 

0-5V 

0 - 2.5V 

65 to 63; 66 open; 67 to 68 

65 to 63; 66 to 68; 67 open 

65 to 63; 66 to 68; 63 to 67 

65 to 64; 66 to 68; 67 open 

65 to 64; 66 to 68; 63 to 67 

Output Coding 

52 to 51 for binary; 52 to 50* 
for two’s complement. 

Data Bus (DO - D7) 

Connect to 8080’s data bus. 

| * Through a lk£2 resistor ] 
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MICROPROCESSOR INTERCONNECTION 

The following diagrams show interconnections of the MP20 (described in this data sheet) 
and also of Burr-Brown’s MP10 analog output microperipheral (PDS-363) with Intel’s 
8080, National’s SC/MP and Zilog’s Z-80. 


ANALOG | 44 

INPUT . MEMR 

1 MP20 

READY 48 (optional) 
► IN 1 5 RESET -1] 


ADDRESS BUS 


23 9080A 

Iready 



FIGURE 10. MP10 and MP20 Used With the 8080 



FIGURE 11. MP10 and MP20 Used With the SC/MP 



FIGURE 12. MP10 and MP20 Used With the Z-80 
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M icroprocessor- 1 nterf aced 
8-BIT ANALOG INPUT SYSTEM 



FEATURES 

• COMPATIBLE WITH: 

•EASY TO USE 

6800 

PIA is not needed 

650X 

No external logic needed 

F-8 

No external adjustments 

• EASY TO PROGRAM 

Choice of ways to interface: 

Low or high level analog inputs 

Unlimited expansion 

Memory-mapped 

•COMPLETELY SELF-CONTAINED 

Interrupt capability 

• SAVES DEVELOPMENT TIME AND MONEY 

• LOWCOST 

International Airport Industrial Park • P.0. Box 11 400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 


PDS-375 
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DESCRIPTION 

The MP21 is a complete analog input system packaged in 
a 80-pin quad-in-line package. It is completely 
compatible with 6800 microprocessors. It is also 
compatible with the 650X and with the F-8. The MP21 
contains a high speed 8-bit A/D converter, an 
instrumentation amplifier, an input multiplexer that can 
accept up to 16 single-ended signals or 8 differential 
signals as well as interface, timing and address decoding 
logic. The gain and offset are internally laser trimmed so 
that no external adjustments are required on the ±5 V or 0 
to +5V input range to obtain an absolute accuracy of 
better than ±0.4% (1 LSB). The system can digitize low 
level or high level analog signals. The gain of the internal 
instrumentation amplifier can be programmed with a 
single external resistor to allow input signal ranges as low 
as ±10 mV. This means that the MP21 can be connected 
to low level sensors such as thermocouples and strain 


gauges without external signal amplification. 

All control lines are fully compatible with the 
microprocessor bus and operate at low power Schottky 
TTL levels. The MP21 input lines present one LS TTL 
load while all outputs can drive up to 20 LS TTL loads. 

PROGRAMMING 

When programming these peripherals, the user treats 
them as memory. Each analog input channel occupies one 
memory location An y me mory reference instruction can 
be used. Pins A4 to A13 are made available so that the 
microperipheral address can be hardwired for any of 1024 
possible memory location bands. Since these units are 
treated as memory, a minimum of instructions are needed 
to read an input channel. The MP21’s versatile memory 
mapped operation allows it to be used with or without 
halting the CPU or in the interrupt mode. 


MP21 BLOCK DIAGRAM 


ANALOG INPUTS 


©-* ^ m tin « h 

Z Z Z z ZzZZ 

© — m 'O r~ 

HH 

WuUUttW uj W 

oi Ct 06 fit: at as at at 

pmm 

8 Channel 

8 Channel 

Analog 

Analog 

Multiplexer 

Multiplexer 



' DO c 

Dl c 

D2 C 

D3 C 

D4 C 


3-State 

Output 

D5 C 

D6 C 
k D7 C 




MUX OUT LO 
MUX OUT HI 


} OFFSET ADJUST 


e&O R2 (ADC IN I) 
R1 (ADC IN 2) 
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SPECIFICATIONS 

Typical at 25°C unless otherwise noted. 


ELECTRICAL 

TRANSFER CHARACTERISTICS 


Resolution 

8 bits binary 

Number of channels 

16 single-ended/ 8 differential 

Throughput rate" 1 (max) 

40/j sec/ channel 

ANALOG INPUTS 


ADC gain ranges 

0-5V, 0-10V, ±2.5V, ±5V, ±10V 

Amplifier gain range 

2 to 250 

Amplifier gain equation 

G = 2 + 50kn/R„,' 21 

Max input voltage without damage' 31 

±23 volts 

Max input voltage for multiplexer 


operation 

±6 volts 

Input impedance 

5 x 1 0^0 || 10 pF - OFF channel 


5 x 10 9 n || 100 pF - ON channel 

Bias current 25°C 

100 nA 

0 - 70°C 

200 nA 

Amplifier output noise 


Gain = 100, Rs = 500H 

400/4 V rms (10 Hz to 10 kHz) 

Amplifier input offset voltage (max) 

±1 mV 

Amplifier offset voltage drift 

±(6 + 50/G) m V/°C 

Amplifier settling time (to .1% FSR) 


G = 2 

20/xs 

G = 10 

25/us 

G = 50 

50/zs 

G = 100 

100/us 

G = 200 

200/iS 

CMRR (for differential inputs) (G = 2) 

70 dB (DC to 60 Hz) 

ACCURACY 


Throughput accuracy 


±5V, ±2.5V, ± 1.25V range (max)' 41 

±0.4% of FSR' 51 

0-5V, 0-2.5V range (max) 141 

±0.4% of FSR 

±50 mV range (max)' 61 

±0.8% of FSR 

0-50 mV range (max)' 61 

±0.8% of FSR 

Linearity (max)' 41 

±0.2% of FSR 

Differential linearity' 41 

±0.2% of FSR 

Quantizing error 

±1/2 LSB 

Gain error (max)' 41 

±0.1% 

Offset error (max)' 41 

±0.1% of FSR 

Power supply sensitivity 


±15V 

±0.02%/ %AV C c 

+5V 

±0.002%/% AVcc 

STABILITY OVER TEMPERATURE 


System accuracy drift' 71 (max) 

±40 ppm/°C 

Linearity (max) 

±20 ppm/°C 

Monotonicity (0°C to +70°C) 

Guaranteed 

DIGITAL INPUT/OUTPUT 


All signals are compatible with 


Microprocessor bus 


Output coding 

Binary or Binary two’s complement 

Logic loading 

All digital inputs are one LSTTL load 

Output drive (DO - D7) 

5 TTL loads or 20 LSTTL loads 

An analog input channel is selected by: 

A0 - A3 

The output data bus are read into: 

DO - D7 

POWER REQUIREMENTS 


Rated voltages 

±15V, +5V 

Range for rated accuracy 

4.75 to 5.25 and ±14.5 to ±15.5V 

Supply drain ±15V 

±30 mA 

+5V 

+90 mA 

TEMPERATURE RANGE 

0°C to +70°C 


(1) Includes 35/usec for mux and amplifier time and 5/uec for ADC conversion time. 

(2) R« t is an external resistor connected between pins 1 and 3. 

(3) With power applied. 

(4) With no external adjustments. 

(5) FSR is Full Scale Range (FSR is 10V for +5V range). 

(6) Gain = 100 with external gain and offset trim. 

(7) Includes gain drift, offset drift and linearity drift. 


MECHANICAL 



•c 


TT 

'J 



NOTE: LEADS IN 
TRUE POSITION 
WITHIN .015" 
(.38mm) R AT 
MMC AT 
SEATING 
PLANE. 

MATERIAL: 

Ceramic 

WEIGHT: 32 grams 
(1.2 oz) PINS: Pin 
material and plating 
composition 
conform to Method 
2003 (solderability) 
of Mil-Std-883 
(except paragraph 
3.2) MATING 
CONNECTOR: 
2350MC (Set of 
four 20 pin strips) 


PIN CONNECTIONS 


1 1A GAIN AOJl'ST 

2 IA IN HI 

3 IA GAIN ADJUST 

4 MUX OUT HI 

5 IN 7 

6 IN 6 

7 IN 5 


9 IN 3 

10 IN 2 

11 IN I 

12 IN 0 

13 MUX ENABI.F I 

14 MUX ENABLE 2 

15 SIN DIE 


19 A3 

20 A4 

21 A4 


41 A I4_ 

42 R W 

43 AI5 

44 IN r 

45 VM A 

46 h 

47 RESET 

48 HAl 1 

49 DELAY ADJ 

50 +5V 

51 DIG COM 

52 OUTPUT SELECT 

53 D7(MSB) 

54 D6 

55 D5 

56 D4 

57 DJ 

58 D2 

59 Dl 

60 OO(l.SB) 


22 _A5 

23 A5 

24 A6 

25 A6 

26 _A7 

28 A8 

29 AK 

30 A9 

31 A9 

32 _AI0 

33 A 10 

34 All 

35 All 

36 AJ^ 

37 AI2 

38 AL3 

39 AI3 

40 ADDR DECODF OUT 


63 COMP IN 

64 ANA COM 

65 BPO 

66 R2 (ADC IN II 

67 R I (AIX" IN 2) 

68 IAOUI 

69 IN 8 RFI 0 

70 IN 9 RFI | 

71 IN 10 RET 2 

72 IN II RET 3 

73 IN 12 RET 4 

74 IN 13 RET 5 

75 IN 14 RET 6 

76 IN 15 RET 7 

77 MUX OUT 1.0 

78 OFESEI NULL 

79 IA IN 1.0 

80 OFESEI NULL 
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PIN FUNCTIONS 


IA GAIN 
ADJUST 


IA IN HI 


MUX 
OUT HI 


IN7 - INO 


MUX 
ENABLE 1 


MUX 

ENABLE 2 


SIN/ DIF 


AO- A3 


A4- A15 


A4- A13 


(Optional). Pin 1 and Pin 3. By connecting 
a resistor between pin 1 and 3 the gain of 
the internal instrumentation amplifier can 
be set as follows: 

Gain = 2 + 50kn/Rext 
Where R ex t is the gain setting resistor. The 
IA is factory adjusted for a gain of 2 
without any external resistor. 

Important: If a gain, greater than 10 is 
required an external capacitor must be 
connected from “DELAY” (pin 49) to 
+5V. This increases an internal delay to 
allow for the increased settling time of the 
instrumentation amplifier. (See page 6-224) 
Pin 2. This is the positive input of the 
internal instrumentation amplifier. This 
should be connected to pin 4 (MUX OUT 
HI) for normal operation. 

Pin 4. This is the output of the analog 
input multiplexer. This is connected to pin 
2 (I A IN HI) for differential operation. It is 
connected to pin 77 (MUX OUT LO) and 
pin 2 for single-ended input operation. 

Pins 5-12. The first 8 (of 16) analog inputs 
for single-ended operation or the 8 positive 
inputs for 8 channel differential input 
operation. 

Pin 13. Leave open for single-ended input 
operation. Connect to pin 14 (MUX 
ENABLE 2) for differential input 
operation. 

Pin 14. Connect to pin 15 (SIN/ DIF) for 
single-ended input operation. Connect to 
pin 13 (MUX ENABLE 1) for differential 
input operation. 

Pin 15. Single/ Differential input operation 
connect to pin 14 (MUX ENABLE 2) for 
single-ended operation. Leave open for 
differential input operation. 

Pin 16-19. Address lines that select one of 
16 analog input signals (INO - IN 15). 0000 
selects channel 0 and 1111 selects channel 
15 when the correct address is presented to 
the MP21. Note: A3 should be connected 
to DIG COM for 8 channel differential 
input operation. 

Address lines. Pins 20, 22, 24, 26, 28, 30, 32, 
34, 36, 38, 41, and 43. Connect to A4 - A15 
of the 6800. 

Address select lines. Pin 21, 23, 25, 27, 29, 
31, 33, 35, 37, and 39. By connecting these 
lines to DIG COM or +5 volts (through a 
lkfl resistor) any of 1024 address bands 
can be assigned to the MP21. For example, 
if A4 is connected to GND., the correct 
(valid) address for A4 is a “1” (> + 2.4V). 


ADDR 

DEC 


R/W 

INT 


VMA 

02 

RESET 


HALT 


DELAY 

ADJ 


+5V 

DIG COM 

OUTPUT 

SELECT 


Pin 40. A positive pulse will appear when a 
valid address appears on the MP21 address 
lines and when R/W (pin 42), and 02 (pin 
46) and VMA (pin 45) are high. The rising 
edge of this pulse strobes the input channel 
select information (A0 - A3) into a latch. It 
can also be used for external purposes. 
Pin 42. Read/ Write control line. Connect 
to R/W of 6800. 

Pi n 44, Interrupt output. Connect to IRQ 
or NMI of the 6800 if interrupt operation is 
desired. When conversion has been 
completed, a 10/usec pulse (negative) is 
generated on this line. (Not an open 
collector output.) 

Pin 45. Connect to VMA on 6800. 

Pin 46. Connect to 02 on 6800. 

Pin 47. A “Low” on this line is re quired t o 
reset the MP21. Connect to the RESET 
input of the 6800. 

Pin 48. When the MP21 is “Read” by the 
microprocessor via any memory reference 
instruction the HALT line will go “Low” 
until conversion is complete. If the HALT 
line is used to halt the CPU, the 6800 will 
halt upon completion of the next 
instruction. When the multiplexer, 
instrument amp, and A/D converter have 
completed converting the analog data to a 
binary 8 bit code (40/xsec with gain < 10) 
the HALT line will then return to its 
“High” state which releases the processor. 
The output data can then be read with a 
second memory reference instruction. 
(Not an open collector output.) 

Pin 49. When the MP21 is addressed, an 
internal delay of approximately 35/usec is 
initiated to allow for multiplexer and 
instrumentation amplifier settling time. 
When the I A is operated with gain> 10 this 
delay must be increased (see Figure 4) to 
allow for the increased settling time of the 
IA. This is done by adding a capacitor 
between pin 49 and +5V. (See Figure 5> 
Pin 50. +5 volt at 140 mA maximum, 

90 mA typical. 

Pin 51. Digital common. This pin should 
be connected to analog common (pin 64) as 
close to the MP21 as possible for optimum 
performance. 

Pin 52. This pin should be connected to 
DIG COM to obtain binary data at DO - 
D7. To obtain two’s complement data 
(bipolar mode) connect pin 52 to -F5V 
through a lkH resistor. 
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D7-D0 

-15V 

+15V 

COMP 

IN 


ANA COM 


BPO 


R2 


Pin 53 - 60. 8 bit data bus. 3-state low 
power Schottky TTL compatible. 

Pin 61. -15 volt at 30 mA typical. 

Pin 62. +15 volt at 30 mA typical. 

Pin 63. Comparator input of 8 bit A/D 
converter (successive-approximation). 
Leave open for unipolar operation or 
connect to “BPO” (pin 65) for bipolar 
operation. 

NOTE: This point is extremely sensitive to 
noise. Any connection to this line should 
be as short as possible and shielded by 
ANA COM or ±15 volt supply patterns. 
Pin 64. Analog common should be 
connected to digital common (pin 51) as 
close to the MP21 as possible for optimum 
performance. 

Pin 65. A/D converter bipolar offset. It 
should be connected to ANA COM (pin 
64) for unipolar operation or COMP IN 
(pin 63) for bipolar operation. 

Pin 66. A/D converter input resistor. 
Connect to IA out (pin 68) for 0 to +5V 
input unipolar operation or ±2.5V input 


bipolar operation. Leave open for ±5V 
input bipolar operation. 

R1 Pin 67. A/D converter input resistor. 

Connect to IA out for ±5 volt operation. 
Connect to Pin 63 for 0 to +2.5V and 
± 1.25V ranges. 

IA OUT Pin 68. Instrumentation amplifier output. 

Connect to R1 (pin 67) or R2 (pin 66) for 
normal operation. 

IN8-IN15 Pin 69-76. Analog inputs 8 through 15 for 

RET0-RET7 single-ended operation or analog returns 0 
through 7 for differential input operation. 

MUX Pin 77. Multiplexer output for 

OUT LO IN8-IN15 or RET0-RET7. 

Connect to “MUX OUT HI” (pin 4) and 
“IA IN HI” (pin 2) for single-ended input 
operation or connect to “IA IN LO” (pin 
79) for differential input operation. 

OFFSET Pin 78, 80. Optional instrumentation 

NULL amplifier offset adjust (see Figure 1). 

I A IN LO Pin 79. Negative input of instrumentation 
amplifier. Connect to ANA COM (pin 64) 
for single-ended input operation or 
“MUX OUT LO” (pin 77) for differential 
input operation. 



*HT = 2 ®® ns min before falling edge of pi 
*HALT = 40/isec (max) 
tQN = 70nsec (max) 

4 AD = 3° nsec (max) 


New 

Data 


MP2 1 Timing Diagram (using HALT to stop microprocessor during conversion). 
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3rd Cycle Next 1st cycle 4th cycle 



MP21 Timing Diagram (without stopping microprocessor during conversion). 



tpcs = 200ns min before falling edge of next to last f 2 clock pulse of instruction 


*INT = 12 Msec (max) 

MP21 Timing Diagram (using Interrupt). 

OPERATING INSTRUCTIONS 


PROGRAMMING 

The MP21 is easily programmed since it is treated as 
memory. It uses any memory reference instruction that 
can read data. 

The MP21 can be operated in four modes: 

1) Start data conversion, halting the microprocessor for 
the 40/usec* conversion time. This is the simplest 
approach. It shoul d be use d if 40/zsec of software time is 
availa ble. (MP 2Ts HALT line, pin 48, connected to the 
6800’s HALT input, pin 2.) 

Example: LDA XXXX starts conversion of channel at 
location XXXX 

NOP CPU halts at the end of this 
instruction 

LDA XXXX transfers data from channel at 
location XXXX to accumulator 

2) Start data conversion, then go to a different part of the 
program. When 40jusec* or more have passed, come back 


to the MP21 to read the converted data. This mode uses 
the least amount of time; it should be used when software 
time is at a minimum. (MP21’s HALT line, pin 48, is 
open.) 

Example: LDA XXXX starts conversion of the channel 
at location XXXX 

• ( 

• l at least 40jusec* of software here 

LDA XXXX transfers data from channel at 
location XXXX to accumulator 

* The conversion time of the MP21 may be between 40 
and 200 microseconds depending upon the gain of the 
internal instrumentation amplifier. See Figure 4. 

3) Start data conversion, then go to a diff erent pa rt of the 
program. Periodically, check the MP21’s HALT line (pin 
48) to detect if conversion is complete. This mode should 
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be used if a posi tive che ck of a complete conversion is 
needed. (MP21’s HALT line, pin 48, could be interfaced 
to a 6820 PIA for instance.) 


Example: LDA $XXXX starts conversion of channel at 
location XXXX 


| other software 


LDA $YYYY, 
AA ANDA $ZZ I 


loop to determine if conversion 
is complete 

YY YY is loc ation of 6820 PIA 
with HALT information 
ZZ is mask used for determin- 
ing if end of conversion bit 
is set 


BEQ AA 

LDA $XXXX transfers data from channel at 
location XXXX to accumulator 


ADDRESS SELECTION 

The base address of the MP21 is set by inputs A4 through 
ATT. Address lines A4 through A13 respond to the 
inverse of inputs A4 through A 13. For instance, if A6 is 
grounded, A6 will respond to a “High” input. A 14 and 
A 1 5 are internally connected to respond to a“High”input. 


ANALOG INPUT RANGE SELECTION 

The MP21 may be set for any range between ±5V and 
±10 mV. Table I shows the pin connections for the 
various high level ranges available. 


MP21 Input 
Range 

Gain 

ADC Range 

Pin Connections 

±5V 

2 

> 

© 

+i 

65 to 63; 66 open; 67 to 68 

±2.5V 

2 

±5V 

65 to 63; 66 to 68; 67 open 

±1.25V 

2 

±2.5V 

65 to 63; 66 to 68; 63 to 67 

0- 5V 

2 

0- 10V 

65 to 64; 66 to 68; 67 open 

0 - 2.5V 

2 

0-5V 

65 to 64; 66 to 68; 63 to 67 


4) Start conversion, then go to a different part of the 
program. The MP21 will interrupt at the end of 
conversion. The interrupt mode is very useful when the 
MP21 is at high gains with c onve rs : on times longer than 
40/usec, see Figure 4.(MP21’s INT line, pin 44, connected 
to the 6800’s IRQ line, pin 4.) 


Example: MP21 used with a 6800. MP21 base address 
92E0. Processor halted operation. Read and 
Print the value of all 16 input channels and 
then stop. 





NAM 

MP21 



E0BF 

OUT2H 

EQU 

$E0BF 



FlDl 

OUTEEE 

EQU 

$ElDl 



El AC 

INEEE 

EQU 

$E1 AC 


0100 



ORG 

$100 


0100 

CE 92E0 

START 

LDX 

#$92E0 

Base address for MP21 

0103 

5 F 


CLR B 


Clear Counter 

0104 

A6 00 

CONV 

LDA A,X 

Initiate Conversion 

0106 

01 01 


NOP 



0107 

A6 00 


LDA A, X 

Read Data 

0109 

FF 0137 


STX 

STREl 

Store Index Reg. 

010C 

F7 0139 


STA B 

STRE2 

Store Counter 

010F 

B7 013B 


STA A 

STRE3 

Store Data 

0112 

CE 013B 


LDX 

#STRE3 


0115 

BD E0BF 


JSR 

OUT2H 

Print Data 

0118 

86 0D 


LDA A 

#$0D 


01 1 A 

BD E1D1 


JSR 

OUTEEE 


01 ID 

86 OA 


LDA A 

#$0A 


01 IF 

BD ElDl 


JSR 

OUTEEE 


0122 

F6 0139 


LDA B 

STRE2 


0125 

FE 0137 


LDX 

STREl 


0128 

5C 


INC B 


Next Channel 

0129 

Cl 10 


CMP B 

#$10 

Have 16 channels been 
read? 

012B 

27 04 


BEQ 

STOP 

Yes 

012D 

08 


INX 



012E 

7E 0104 


JMP 

CONV 

Do another conversion 

0131 

BD El AC STOP 

JSR 

INEEE 

Input character 






to begin again 

0134 

7E 0100 


JMP 

START 


0137 

0002 

STREl 

RMB 

2 


0139 

0001 

STRE2 

RMB 

1 


013A 

0001 

STRE3 

RMB 

END 

1 


This 

program 

assumes that 

the system is under the 


control of the MIK BUG monitor, Revision 9. To read 


and print the value of all 16 channels again, input any 
character from the keyboard. 


Table I. Analog Input Range Pin Connections 
The MP21 may be set to output data with straight binary 
coding (pin 52 grounded) or two’s complement coding 
(pin 52 to +5VDC through a lkH resistor). Straight 
binary coding is typically used with unipolar input ranges 
and two’s complement coding with bipolar input ranges. 
Table II describes the coding. 

The internal instrumentation amplifier is factory* set fora 
gain of 2. This gain can be increased to 250 by adding an 
external resistor (R ex t) between pins 1 and 3. R e xt should 
be a stable resistor (10 ppm/°C) since this temperature 
drift will add to the accuracy temperature coefficient. The 
gain of the amplifier can be determined by this formula: 

Gain = 2 . with pins 1 and 3 open, the gain is 2. 

R ext 


Since the amplifier input offset will be multiplied by the 
amplifier gain, an offset adjust may be required at high 
gains (see Figure lb). 



FIGURE 1. (a) MP21 Gain Adjust; (b) Offset Adjust 


SINGLE-ENDED VS. DIFFERENTIAL INPUTS 

The MP21 analog inputs may be connected as single- 
ended, differential or pseudo-differential. Single-ended 
operation may be used for high level (over one volt full 
scale) signals in low noise environments (Figure 3). 
Differential operation will reject common-mode noise 
appearing on both inputs (Figure 2). It should be used in 
noisy environments or with any low level signal (less than 
one volt). In the pseudo-differential mode, the MP21 is 
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DIGITAL OUTPUT 

ANALOG INPUT | 

Straight Binary Code 

Two’s Complement Code 


±5V 

0 to +5V 

±10mV 

1111 1 1 1 1 (FF 16 ) 

0111 1111 (7F, 6 ) 

+Full Scale 

+4. 961V 

+4.980V 

+9.92mV 

1000 0000 (80, 6 ) 

0000 0000 (00, 6 ) 

Mid-Scale 

0.000V 

2.500V 

O.OOOV 

0000 0000 (00,6) 

1000 0000 (80, 6 ) 

-Full Scale 

-5.000V 

o.ooov 

-1 0.00m V 



One LSB 

39mV 

19.5mV 

78/uV 


TABLE II. Analog Input Values 


connected as for the single-ended mode in Figure 3 except 
the IA low input, pin 79, is not grounded. Pin 79 is 
connected to an external ground that is common to all of 
the analog inputs. In cases with a noisy remote ground 
where little noise will be picked up between sensor and 
MP21, the pseudo-differential mode may be used. 



FIGURE 2. Differential Input Connections 



FIGURE 3. Single-ended Input Connections 


DELAY TIMING 

A delay time between channel selection and start of 
conversion is built into the MP21 to allow the analog 
multiplexer and instrumentation amplifier (IA) time to 
settle before starting the A/D converter. As the gain of 
the amplifier is increased, the settling time required 
increases. The factory set delay time (35/zsec) is sufficient 
for gains of up to 10. At higher gains, a capacitor must be 
added from pin 49 to the +5 VDC supply to increase the 
delay time. Figure 4 shows the settling time of the MP21 
vs. gain. Figure 5 shows the value of capacitance required 
to increase the delay. 

The only external factor, other than gain, that affects the 
MP21 settling time is the impedance of the source 
connected to a channel. Figure 6 shows a circuit model of 
an “ON” channel. 

The signal at the output of the multiplexer must be 
allowed to settle to ±0.1% (six time constants) to 
maintain the full accuracy of the system. The multiplexer 


time constant can be calculated with the formula: r = (R s 
+ R on +Ron*)Co. ForR s = lkHand C o = 50pF, r = (1.5+ 1) 
kO x 50pF = 125ns (single-ended operation). Thus0.75/is 
is needed to settle to ±0.1%. For high input impedances 
requiring more than 10 microseconds for multiplexer 
settling time, the required delay time may be calculated 

with this formula: Td + t 2 ia , where T mux is the 

settling time of the multiplexer and Tia is the settling time 
of the instrumentation amplifier as shown in Figure 4. If 
the source bandwidth can be limited, high impedance 
sources may be accurately handled by placing a large 
capacitance across the multiplexer input. An analysis of 
such a circuit shows that a capacitor of 0.5/uF is sufficient. 
For such a capacitance the multiplexer time constant 
becomes 80ns. 



FIGURE 4. Typical IA Settling Time vs. Gain 
(Output Settling to ±0.1%). 



FIGURE 5. Typical Delay Time vs. Capacitor Value. 
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FIGURE 6. “ON” Channel Circuit Model. 

INPUT OVERVOLTAGE PROTECTION 


As shown in Figure 6, the analog inputs have reverse 
biased diode circuits which protect from damage by 
overvoltage (such as static). It is still advisable to take 
precautions against static discharge. The same circuitry 
protects the inputs from steady-state overvoltage damage 
during operation. The MP21’s overvoltage protection 
can be increased by adding series resistors at each input. 
The input resistance must limit the current flowing 
through the input protection diodes to 10mA. For 
instance, if 15kO resistors are added to each input, the 
protection is increased to 165V (16.5kH x 10mA). 
Increased input resistance will, of course, increase the 
amount of time necessary for the multiplexer to settle as 
described in the previous section and increase the offset 
voltage by the drop caused when the bias current passes 
through this resistance. 


result in D7 - DO being in a high impedance state (see 
Figure 7). 

All that is required to use the MP21 with a system other 
than a 6800, is that these signals be brought to their active 
levels. When this occurs, operation begins as previously 
described. Applications using the MP21 with other 
processors are shown in Figure 10 and 11. 

RESET 

It is import ant to res et the MP21 on startup with a low 
pulse on the RESET line (pin 47). The reset pulse clears 
an internal flip-flop and guarantees that the next read 
instruction to the unit will start a conversion. Thereafter, 
every other read instruction will initiate a conversion as 
previously described. 

HIGHER SPEED OPERATION 

The MP21’s internal instrumentation amplifier requires 
35 microseconds to allow for settling time. If this internal 
amplifier is not used, substantial improvements in 
throughput rate can be obtained. This is easily done since 
neither the inputs nor the output of the instrument 
amplifier are internally connected. The total delay time 
necessary may be calculated by this formula: 


Td — \/T 2 mux + T 2 ia, 


NON 6800 OPERATION 

The circuitry used to enable the 3-state output lines (D7 - 
DO) and begin conversion on the MP21 can be connected 
in such a way as to meet a wide variety of timing 
requirements. The output is enabled only when a valid 
address appears on the address inputs and when VMA 
(pin 45), R/W (pin 42), and 02 (pin 46) are high. Any 
other combination of digital signals on these lines will 



FIGURE 7. Output Enable Circuitry 


where Tmux is the settling time of the multiplexer (750ns) 
and Tia is the settling time of the instrument amplifier. 
ForaTiA of 1/xsecwe haveTD= 1.3;usec. Using3jusecfor 
the delay time to allow for unit to unit variation, the total 
throughput time will be 8/usec (including 5 microseconds 
for ADC conversion time) or 125 kHz. A resistor between 
pin 49 and +5 VDC will reduce the delay time from the 
factory set value of 35 microseconds (see Figure 8). 



FIGURE 8. Typical Resistor Value to Decrease Delay 
Time. 
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CALIBRATION 

The MP21 is laser trimmed at the factory to ±0.4% 
accuracy when using the ±5V, ±2.5V, ±1 .25V, 0 to +2.5 V 
or 0 to +5V ranges. If one of these ranges is used, no 
adjustments are required. For other ranges (G # 2), both 
the gain and offset must be adjusted. Figure 1 shows the 
adjustment connections. The offset adjustment should be 
made such that the transition to minus full scale output 
(0000 0001 to 0000 0000 for straight binary) occurs with 
an input of negative full scale plus 1/2 LSB. One least 
significant bit (LSB) is equal to the full scale range (FSR) 
divided by 2" where n is the number of bits of the A/D 
converter. For the MP21, 1 LSB is FSR/2 8 = FSR/256. 
The gain adjustment should be made such that the 
transition to a full scale output (1 111 1 1 10 to 1 1 1 1 1111 
for straight binary) occurs with an input of positive full 
scale less 1/2 LSB. Since 128 states are used for negative 
inputs and one state is used for zero, only 127 states are 
available for the remaining positive range. Thus the 
positive full scale voltage is 1 LSB less than nominal full 
scale. For a range of ±50 mV, 1 LSB = 100 mV/ 256 = 0.39 
mV. The gain adjustment should be made at +49. 61 mV* 
-(0.5)(0.39 mV) = +49.42 mV. The offset adjustment 
should be made at -50 mV + (0.5)(0.39mV) = -49.80 mV. 
Table III shows offset and gain calibration values for 
typical ranges. * ( 50mV - 1 lsb = 49.6imV) 


MP21 

Input Range 

Instrument 
Amp Gain 

ADC Range 

Calibration Values j 

Offset 

Gain 

±5V 

2 

±10V 

-4.980V 

+4.94 IV 

0 to +5V 

2 

0 to +10V 

+9.8mV 

+4.97 IV 

±2.5V 

2 

±5V 

-2.490V 

+2.47 IV 

0 to +2.5V 

2 

0 to +5V 

+4.9mV 

+2.485 V 

±1.25V 

2 

±2.5V 

-1.245V 

+ 1.235 

0 - 50mV 

loo 

0 to +5V 

+98mV 

+49.7mV 

±25mV 

100 

±2.5V 

-24.9mV 

+24.7mV 

0 - 25mV 

200 

0 to +5V 

+49mV 

+24.9mV 


Table III. Calibration Values. 


The following program may be used to adjust gain and 


offset. 



ORG $100 


START 

0100 

0102 

86 

64 

B7 

01 

1A 

LDA A #$64 

STA A COUNT 



0105 

0106 

4F 

5F 

CLR A 

CLR B 

Clear Accumulators. 

CONV 

0107 

B6 

92 

E0 

LDA A $92 E0 

Begin Conversion. 


010A 

01 

NOP 



010B 

B6 

92 

EO 

LDA A $92 E0 

Read Data. 


010E 

81 

REF 

CMP A #REF 

I s Data = REF? 


0110 

26 

01 

BNE AA 

No. Do not count. 


0112 

5C 

INC B 

Yes. Do count. 

AA 

0113 

7A 

01 

1A 

DEC COUNT 

Have 100 conversions 
been done. 


0116 

26 

EF 

BNE CONV 

No. Do another. 


0118 

20 

E6 

BRA START 

Yes. Begin next run. 


COUNT Oil A RMB 1 

END 


This program assumes that the program is under control 
of the Motorola EXORciser EXbug monitor. If the 
Mikbug monitor is available, the following printout 
software may be added by using it to replace all codes 
starting from location 01 18. In addition the references to 
count at 0104 and 0115 must be replaced with[2E. 

OUT 2H EQU $E0 BF 
OUT EEE EQU $El Dl 

0118 F7 STA B STRO 


01 

2E 


01 1 B 

CE 

01 

2E 

LDX #STR0 


01 IE 

BD 

5P 

BF 

JSR OUT 2H 

Print no. of true conversions. 

0121 

86 

0D 

LDA A #0D 


0123 

BD 

El 

Dl 

JSR OUTEEE 


012E 


RMB 1 

COUNT 

012F 


RMB 1 

END 

STRO 


This program may be used for both offset and gain 
calibration. The system offset should be adjusted first, 
followed by the gain adjustment. 

The address of channel zero is assumed to be 92EO. If it is 
not, the LD A instructions should reflect that change. The 
reference values for Ref assume straight binary coding, 
Offset Ref = 00 and Gain Full Scale Ref = FF. For two’s 
complement binary coding, Offset Ref = 80 and Gain Full 
Scale Ref = 7F. 

A 100;G command to Exbug will begin program 
execution. For Mikbug the user’s stack must be loaded 
with 100 and then a G command executed to begin 
program execution. For those applications not using 
the printer portion of the program insert a breakpoint 
via a 1 18;V command. After 100 conversions have been 
made, the value (in hex) of the B accumulator will be 
printed if using Mikbug program. This value represents 
the number of times the data read from the board wqs 
equal to “REF” (00 for offset; FF for gain). 

Calibration is performed by connecting a voltage source 
capable of 0.01% accuracy to input channel zero (this 
could also be a DC voltage source of less absolute 
accuracy whose output is monitored by a 0.01% DVM). 
The offset adjustment is made first by using the 
appropriate offset calibration voltage and REF value. 
Run the calibration program and adjust the offset 
potentiometer until the B register contains a value 
between lEi6 and 46i6 (30io and 70io). 

To perform the gain adjustment, change the data labeled 
“REF’ in the calibration program to its correct gain 
value. Set the input voltage to the correct value as shown 
in Figure 8 and adjust the gain potentiometer in the same 
manner as described for offset. 

If EXbug is used the program will halt and the B 
accumulator can be examined from the program register 
display produced by the breakpoint. 
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THERMOCOUPLE TEMPERATURE 
ACQUISITION 

Thermocouples are often used as temperature sensors for 
process control systems. Thermocouples are 
characterized by temperature coefficients of 10 to 
70/iV/°C and operating ranges of minus hundreds to plus 
thousands of degrees centrigrade. When the MP21 is 
operated with an instrumentation amplifier gain of 100 or 
more, it may be connected directly to these devices. 
The wire runs from thermocouple to measuring device 
often pick up large common-mode noise signals of 60 Hz 
or higher frequencies. When the MP21 is used as an eight 
channel differential input system, the high common- 
mode rejection of the instrument amplifier will reject 
common-mode noise. To minimize differential mode 
noise, the signal wire should be twisted and if possible 
shielded. As a rule, an unshielded twisted pair is better 
than a coax, and a shielded, twisted pair is still better. In 
applications where these wiring practices cannot always 
be observed, a differential RC filter may be used. Figure 9 
shows such a system. 

The 10 kH resistors and 10/uF capacitor provide low pass 
filtering (f c = 0.8 Hz) while the optional 1 MO resistors 
supply bias current to the instrumentation amplifier. The 


remote sensor should be earth grounded to prevent 
common-mode voltages from exceeding the ±5 volt range 
of the multiplexer. If the sensor is earth grounded, the 
1MH resistors are not required. The 1 MO resistors do 
not enter into an error calculation for input errors 
because the low resistance of the sensor shorts any 
differential voltage that might be caused by the offset 
(difference current) of the amplifier. Offset or difference 
current is merely the difference between the bias current 
of each input. See the overvoltage protection section for a 
discussion of the effects of the lOkO resistors in the input 
filter. The lMfl resistors could have been put on the 
output side of the multiplexer eliminating the need for 
repeating them for each input; however, this would have 
loaded the lOkO resistors of the filter causing a possible 
1% error for static conditions. 

To complete a thermocouple system it is necessary to 
terminate all thermocouple wire pairs at an isothermal 
box or connector strip of some type. An ordinary barrier 
strip may be monitored to allow the observed 
thermocouple emf to be cold junction compensated. 
Figure 9 shows an excellent circuit for this purpose. Its 
output is connected to one of the input channels to supply 
ambient temperature data to the system computer. Its 
output sensitivity is approximately 2 mV/°C. 
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PIN CONNECTION SUMMARY 



JUMPER 


JUMPER 

Single-ended 

Multiplexer 

4 to 2; 4 to 77; 79 to 64; 

15 to 14; 13 open 

Address Bus (A0 - A 15) 

Connect to 6800’s address bus 
A0 - A 1 5 

Differential 

Multiplexer 

4 to 2; 77 to 79; 13 to 14; 

15 open 

Address Select (A4 - A 13) 

Connect to +5V* or Ground 

Amplifier 

1 and 3 open for G = 2; 

Rext between 1 and 3 for G ^ 2. 

Control Bus 

42 to 6800’s R/W"(pin 39) 

44 optionally to 6800’s IRQ 
(pin 4) 

45 to 6800’s VMA (pin 5) 

46 to 6800’s 02 (pin 37) 

47 to 6800’s RESET (pin 40) 

48 to 6800’s HALT (pin 2) open 
for operation without 
halting CPU. 

Input Range 
±5V 
±2.5 V 
±1.25V 

0- 5V 

0 - 2.5V 

65 to 63; 66 open; 67 to 68 

66 to 63; 66 to 68; 67 open 

65 to 63; 66 to 68; 63 to 67 

65 to 64; 66 to 68; 67 open 

65 to 64; 66 to 68; 63 to 67 

Output Coding 

52 to 5 1 for binary; 52 to 50* 
for two’s complement. 

Data Bus (DO - D7) 

Connect to 6800’s data bus. 

| * Through a 1 kO resistor. | 


MICROPROCESSOR INTERCONNECTION 

The following diagrams show interconnections of the MP21 (described in this data sheet) and 
also of Burr-Brown’s MP10 and MP11 analog output microperipherals (PDS-363) with 
Motorola’s 6800, MOS Technology’s 650X, and Fairchild’s F-8. Although Burr-Brown’s 
analog microperipherals are optimized for 8 bit microprocessors, with the addition of a few 
external components, they can be used with any 4 through 16 bit microprocessors. 



FIGURE 10. MP21 and MP11 Used With the 6800 
or 650X. 


EXT RES 



EXT RES cpu Rea(J RAM WRITE 


Steps For Operation of MP21 with F-8 

1. Start conversion by addressing and reading MP21. 

2. Initialize Timer 

3. Use timer initialized interrupt to read data. 

FIGURE 11. MP21 and MP10 Used With the F-8. 


6-228 






















M icroprocessor- I interfaced 
12-BIT DATA ACQUISITION SYSTEM 



FEATURES 

• INTERFACES WITH 8080A, 8048, Z-80, SC/MP 
MICROPROCESSORS WITHOUT ADDITIONAL 
COMPONENTS 

• INTERFACES WITH 6800, 650X, F8, 8085 
MICROPROCESSORS WITH MINIMAL 
EXTERNAL LOGIC 

• EASY TO PROGRAM 

One instruction acquires data as a memory mapped 
device 

Two instructions acquire data as an accumulator I/O 
device 

• COMPATIBLE WITH PDP-8, PDP-11, NOVA, ECLIPSE 
MINICOMPUTERS 


DESCRIPTION 

A complete analog input system, the MP22 interfaces 
to most microprocessors without requiring 
additional external components. Contained in an 
80-pin quad-in-line package, it includes a 12-bit 
CMOS A/D converter, instrumentation amplifier, 
input multiplexer that accepts up to 16 single-ended 
signals or 8 differential signals, an address decoder 
and control logic. Logic to generate interrupt, halt 
and direct memory access request signals are also 
included. 

The system can digitize low level or high level analog 
signals. Gain of the internal instrumentation 
amplifier can be programmed with a single external 
resistor allowing input ranges as low as ±5m V/. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 



6-229 
















ANALOG MULTIPLEXERS 

Two 8-channel CMOS analog multiplexers are used on 
the input which permits selection of 16 single-ended or 8 
differential inputs. A pseudo 16 channel differential mode 
of operation can also be achieved by connecting the 
amplifier’s inverting input to a common, remote signal 
ground. Channels are addressed by the address decoder 
which is connected directly to the microprocessor address 
bus. The number of input channels can be expanded 
without limit using external multiplexers. 

INSTRUMENTATION AMPLIFIER 

The instrumentation amplifier is a low drift, differential 
amplifier featuring high speed at gains above unity and 
gain programming with an external resistor. Gain may be 
selected from unity to 500. 

ANALOG-TO-DIGITAL CONVERTER 

The 12-bit A/D converter is a CMOS, successive 
approximation device with 45/xsec conversion time and 
three-state outputs. Laser-trimmed, compatible thin-film 
networks are used to assure linearity and stability over 
wide temperature ranges. 

ADDRESS DECODER 

Typical microprocessor systems have several thousand 
memory locations, teletype or CRT terminals, and 
possibly several MP22s. By using 12 address lines the 
microprocessor can communicate with as many as 2 1 2 or 
4096 memory locations or peripheral devices, with each 
having its own unique address. 


The MP22’s address decoder is made up of exclusive-or 
gates which have open collector outputs so that the 
outputs of several gates may be connected together 
through a single pull-up resistor. The address of the 
MP22 is determined by wiring the address select lines to 
either ground or +5 volts. Only when all of the address 
lines (A inputs) are in^ opposite states of their respective 
address select lines (A inputs) will the address decoder 
output go high. 

DELAY TIMER 

A time delay between channel selection and start of 
conversion is built into the MP22. This allows the analog 
multiplexer and the instrumentation amplifier time to 
settle before starting the A/D converter. As amplifier 
gain increases, settling time increases: See Figure 8. 
Factory set delay time ( 15/isec) is sufficient for gains from 
unity to 50. At higher gains a capacitor must be added 
between pins 49 and 50 to increase delay. Figure 7 
indicates the capacitance required to increase delay time. 

CONTROL LOGIC 

The control logic generates signals to halt or interrupt the 
CPU while conversion takes place and to signal the CPU 
when conversion is complete and data can be read. 
Enable signals are also generated to gate the data onto the 
data bus. 

REFERENCE 

The internal voltage reference of the MP22 has been 
optimized for stable outputs with respect to temperature. 
Output current up to 2mA can be drawn externally from 
the reference outputs. 


O J- K K t- «- H I- 


IzSSSSS 


zzzzzzzzz 



> 61 v cc 

> 62 +V CC 

) 37 +MUX SUP OUT 
) 38 - MUX SUP OUT 
) 50 LOGIC SUPPLY 

f-O 51 DIGITAL COM 
) 64 ANALOG COM 


) 77 MUX OUT LOW 
5 2 IA IN HI/MUX OUT F 
) 1 IA GAIN SELECT 
5 3 IA GAIN SELECT 
) 78 OFFSET NULL 


-O 79 IA IN LO 
-O 49 DELAY OUT 
-O 52 START CONY 


ADC 

04 

GAIN ADJUST 


FIGURE 1. Block Diagram 
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MICROPROCESSOR CONNECTION DIAGRAMS 


d 7 

Reset 


Ready 


! I Address 

rli-K 


DBIN MEMR 


Reset 


Ready 


System 

Reset 


LHLD MP22 Base Address; Will initialize conversion and 
store data in HL registers 

* 10k pull down resistors required. 


FIGURE 2. MP22 Used with 8080 Halt Mode 
Memory Mapped 



STA A 

AO = 1 


Destination Address 

DO = 0 

Starts conversion 

NOP 


Halt 

LDA 

Destination Address 

AO = 0 

8 LSB’s, Resets MP22 

LDA 

Destination Address 

AO = 1 

4 MSB’s 


* 10k pull down resistors required. 


FIGURE 3. MP22 Used with 6800 


DELAY TIME COMPONENT 
SELECTION CURVES 


12 

1 








"g 

8 8 

FIGURE 6. Typical Resistor o ^ 
Value to Decrease Delay Time | 

> 4 

2 2 
U L 
Q 



7 





z 






~7 







/ 







/ 








0 33 66 100 133 166 200 

RESISTOR VALUE (kilohms) 

120j 








■a 

8 80 






t 

FIGURE 7. Typical Dela> 2 ^ 





z 


Time vs Capacitor Value g 

>T 40 
< 

d on 




z 




4 





UJ 

c 

0 

( 

CA 

7 

r 

i 





.0017 .0033 .005 .0067.0083 .01 
PACITOR VALUE (microfarads) 



IN MP22 Base Address; 

MOV C, A 

IN MP22 Base Address; 

* I Ok pull down resistors required. 


Aq = 0 Aj - A 4 channel select 
Ag - A7 I/O select initializes 
conversion and reads 8 LSB’s 
Store 8 LSB’s in REG C 
Aq = 1 Ag - A? I/O select 
reads 4 MSB’s 


FIGURE 4. MP22 Used with 8080 Halt Mode 
Accumulator I/O 


Address Bus A is| 


Ao A15 

RD 

Z-80 

WAIT 
Do 

Dj 

Program to READ and STORE 16 channels of data using Block 
Transfer Instruction. 

LD HL, NN NN points to channel 0 MP22 

LD DE, MM MM points to the first location of the destination 

LD BC, 0100 H byte counter (2 bytes/channel x 16) = 32 10 
LDI Load and increment 

Total Execution Time with tcy = .4/zs and conversion rate 40jus is 
T = 3 (4jus) + 16 (6.4 + 40jus) = 754.4jus. 

» 10k pull down resistors required. 


Ao 

kuh 

meMr 

cs I 

1 MP22 

Ready 

MEMW 

Do 


D 7 

DBIN 


Optional 
4 Bit Address 
Decoder 
74L5136 


FIGURE 5. MP22 Used with Z-80 (Halt Mode) 


TYPICAL PERFORMANCE 
CURVES 
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ELECTRICAL SPECIFICATIONS 

Typical at +25°C and rated supplies unless otherwise noted. 



MP22BG 



MODEL 

Min 

Typ 

Max 

Units 

TRANSFER CHARACTERISTICS 





Resolution 1 11 

12 

12 

12 

Bits 

Number of Channels 

16 Single-Ended/ 8 Differential 


Throughput Rate" 1 at G = 1 

40 

45 

55 

jus/ Channel 

ANALOG INPUTS 





ADC Gain Ranges 





Bipolar' 31 


±5 


Volts 

Unipolar" 1 


0-5 


Volts 

Amplifier Gain Range 


1 to 500 



Gain Equation 


(-Sr) 



Input Voltage Without Damage 



±16 

Volts 

Input Voltage for Multiplexer Operation 



±6.0 

Volts 

Input Impedance 





Off Channel 


5 x 10 9 n II 10pF 



On Channel 


5 x 10 9 n II lOOpF 



Bias Current 





25°C 



300 

nA 

0°C to +70°C 



400 

nA 

Amplifier Output Noise G = 100, Rs = 1500 


1.2 


mV, rms 



7.0 


mV, p-p 

Amplifier Input Offset 


±0.5 

±7.0 

mV 

Amplifier Offset Drift (R ma x = 1.5k) 


±(7 + 90/ G) 

±(26 +190/G) 

MV/°C 

Amplifier Gain Drift, (Rext ^10 ppm/°C) 





G = 1 



10 

ppm/°C 

G = 10 



110 

ppm/°C 

G = 100 



120 

ppm/°C 

G = 1000 



120 

ppm/°C 

Amplifier Settling Time to ±0.05% of FSR 





G = l" 1 



15 

MS 

G = 10 


20 


ms 

G = 100 


25 


ms 

G = 500 


100 


ms 

CMRR for Differential Inputs Dc to 60Hz 

74 

84 


dB 

ACCURACY 





System RSS Accuracy' 2 ’ at 25kHz Throughput 





G=1 



±0.1 

% FSR 

Linearity 



±0.05 

% FSR 

Differential Linearity 


±0.05 


% FSR 

Gain Error 

Adjustabl 

le to Zero 



Offset Error 

Adjustable to Zero 



System RSS Accuracy at Gain = 500 and 





1 kHz Throughput 



±0 39 

% FSR 

ADC Accuracy Drift 





Linearity 



±3 

ppm/°C 

Gain 



±10 

ppm/°C 

Reference Drift 





Ref Out (Pin 63) 



±15 

ppm/°C 

BPO (Pin 65) 



±25 

ppm/°C 

System Accuracy Drift (Excluding I.A.) 





Unipolar 



±25 

ppm/°C 

Bipolar 



±60 

ppm/°C 

Monotonicity (-25 to +85 l ’C) 


Guaranteed 



No Missing Codes (-25 to ±85’’C) (10 bits only) 


Guaranteed 



Power Supply Sensitivity (Excluding LA.) 





±Vcc 



±0.008 

% FSR/%AV 

Logic Supply 



±0.0002' 

% FSR/%AV 

Instrumentation amplifier 





Power Supply Sensitivity 



(l+2/G)10~ 4 

%FSR/%AV 
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MP22BG 


MODEL 

Min 

Typ 

Max 

Units 

DIGITAL INPUT/ OUTPUT 





Bipolar Code 

Bipolar Offset Binan 



Unipolar Code 

Unipolar Straight Binary 


Logic Loading Pin (21) 



3LSTTL 


Pin (60) 



2LSTTL 


Output Drive 

1 TTL Load 




Analog Input Channels Selected By: 


A1-A4 



Output Data: 


D0-D7 



POWER REQUIREMENTS 




WUMm 

Rated Voltages' 11 


±15, +5 



Range for Rated Accuracy (Logic Supply, ±V IX ) 

4.75 to 5.25 and ±11,4 to ±15.75 


±V, C Ope rating Range 

±10 


±18 

i 

Supply Drain 





+V IC 


10 

H'- ' ' 

mA 

-V lk 


15 

20 

mA 

Logic Supply 


80 

160 

mA 

Power Dissipation (±Vcc = ±I2V) 


700 


mW 

TEMPERATURE RANGE 





Specification 

-25 


+85 

°C 

Operating 

-40 


+ 100 

°c 

Storage 

-55 


+ 125 

°c 


NOTES: 1. These parameters are 100% tested. 

2. Gain and offset adjusted to zero. 

3. External amplifier required. 


MECHANICAL 



(0.02") 3.8mm 

(0.15") 

MATERIAL: Ceramic 
WEIGHT: 32 grams (1.2 oz.) 

PINS: Pin material and plating composition conform 
to Method 2003 (solderability) of Mil-Std-883 (except 
paragraph 3.2) 

MATING CONNECTOR: 2350MC (Set of four 20 pin strips) 
HERMETICITY: Eluorocarbon (gross leak) 


PIN CONNECTIONS 


1 

IA GAIN SELECT 

Pin 41 

DACK/INTA 

2 

IA IN HI/MUX OUT HIGH 

42 

INT 

3 

IA GAIN SELECT 

43 

DRQ 

4 

ADC GAIN ADJUST 

44 

MEMR 

5 

IN 7 

45 

DBIN 

6 

IN6 

46 

MEMW 

7 

IN5 

47 

DELAY ADJ. 

8 

IN4 

48 

READY 

9 

IN3 

49 

DELAY OUTPUT 

10 

IN2 

50 

+5V LOGIC SUPPLY 

11 

INI 

51 

DIG. COMMON 

12 

IN0 

52 

START CONV. 

13 

MUX ENABLE 1 

53 

D7 (MSB) 

14 

MUX ENABLE 2 

54 

D6 

15 

SIN/DIF 

55 

D5 

16 

A0 

56 

D4 

17 

A1 

57 

D3 

18 

A2 

58 

D2 

19 

A3 

59 

D1 

20 

A4 

60 

DO (LSB) 

21 

LOGIC INPUT 

61 

-Vcc 

22 

A5 

62 

+V CC 

23 

A5 

63 

REF OUT 

24 

A6 

64 

ANA. COMMON 

25 

A6 

65 

BPO 

26 

A7 

66 

NO CONNECTION 

27 

A7 

67 

ADC IN 

28 

A8 

68 

IA OUT 

29 

A8 

69 

IN8 RET0 

30 

A9 

70 

IN9 RET1 

31 

A9 

71 

IN10 RET2 

32 

A10 

72 

INI 1 RET3 

33 

AI0 

73 

IN 12 RET4 

34 

All 

74 

IN 13 RET5 

35 

All 

75 

IN14 RET6 

36 

CHIP SELECT (CS) 

76 

IN15 RET7 

37 

+MUX SUPPLY OUTPUT 

77 

MUX OUT LOW 

38 

-MUX SUPPLY OUTPUT 

78 

OFFSET NULL 

39 

RESET 

79 

IA IN LO 

40 

ADDR DECODE 

80 

EN1 
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OPERATING INSTRUCTIONS 


The MP22 is designed to be used as a memory-mapped or 
an accumulator I/O. Since there are many powerful 
memory reference instructions, the MP22 is_used most 
efficiently as a memory-mapped device. Pins A5 through 
All are provided so that the microperipheral can be 
hardwired for any base address within a 4096 word block 


of the memory field. The address decoder output is 
available and can be easily expanded to 16 bits. 

If used as a memory-mapped microperipheral, the MP22 
can provide three modes of operation: HALT Mode, 
INTERRUPT Mode and DMA Mode. 


More detailed application instructions are given in the operating manual, available upon request. 


HALT MODE 

After power up (or manual) reset, the MP22 is 
automatically set for operation in the HALT Mode. This 
mode requires minimum software to acquire data. To use 
the MP22 in the HALT Mode connect the MP22 
READY line to the 8080 READY input (see Figure 2). 
When a memory reference instruction such as LHLD is 
executed, the READY line goes low, halting the CPU for 
the duration of the data conversion (45 /zsec, gain = 1). 
When the conversion is complete the READY line goes 
high, signaling the CPU exit the wait state and enter the 
T 3 state to read the 8 LSB’s. After reading the 8 LSB’s, the 
CPU increments the memory address register and reads 
the 4 MSB’s. When the most significant data byte has 
been read, the internal logic resets and the MP22 is ready 
for the next conversion. 


Example: 

A 1 5 A 1 4 A 1 3 A 1 2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 
XX XI 1 11 I Q 1 1 1 0 0 1 0 

MP22 Base Address Channel Select 

MP22 used with 8080; read MP22 base address: 1F72 h 
channel 10. 

LHLD 1F72h acquires and transfers data to CPU from 
channel 10. 

The 8 LSB’s (at location 1F72h) are transferred to register 
L and the 4 MSB’s (at location 1F73h) are transferred 
to register H. 

Total time: 16 tcy + 40/usec = 47.8^isec (for tcy = 488 nsec 
[8080A]). 


INTERRUPT MODE 

To use the MP22 in the INTERRUPT Mode connect the 
INT and DACK/INTA lines to the 8080’s INT input and 
INTA output respectively. Conversion is initiated by 
writing DO = 0 into the MP22. When the conversion is 
complete the MP22 generates an INT signal which will 
remain low until INTA is received from the 8080. 


Example: MP22 base address 1F72^. 


M VI A 

STA 

oo H 

IF72 H 

START conversion 

INCA 

CPIA 


Continue with program. INT will 
arrive 40 jusec after start of conversion. 

INT arrives here 

User will jam RST instruction which 
will provide address of an interrupt hand- 
ling routine and store program counter. 

INTERRUPT Subroutine: 
PUSH PSW 

Store Acc. and Flags 


PUSH H ) 
PUSH D > 
PUSH B ) 

Store reg. if necessary 


El 

LHLD 1F72 h 

Enable interrupt 

READ DATA from MP22 



Channel 10 L = 8 LSB’s 

H = 4 MSBV 

Process data 


POP B ) 

POP D > 

POP H ) 

Restore registers and flags 


POP PSW 

Restore program counter 


RET 


The user must supply an instruction op code to the 
processor during the next DBIN time after the INTA 


status appears. This is usually done through use of an 
RST instruction. 


DIRECT MEMORY ACCESS MODE 

To use the MP22 in the DMA Mode connect the MP22 to 
the DMA controller. The controller is initialized by the 
CPU before reading data from the MP22. To accomplish 
a block move the CPU loads the 8257 with the starting 
address of the source block (the MP22 location) with A0 
= 0 and the length of the block (L = 1) into channel 0. 
Channel 1 is programmed with the starting location of the 
destination block and the length (L = 1). 
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Next, start conversion by writing DO = 0 into the MP22. 
When the conversion is complete, the MP22 will generate 
a DRQ request on channels 0 and 1 . The 8257 is initialized 
to the rotating priority mode, therefore the first DMA 
cycle is from channel 0 which latches data from the first 
location of the source block into the 8212. The second 
cycle will be from channel 1 which will store the latched 
data in the first location of the destination block. The 
next cycle will return to channel 0 and the sequence will 
start over again until the terminal count is reached. When 
the terminal count for channel 1 is reached, DACK1 and 
TC signals are generated and MP22 DRQ line is reset. 


ANALOG INPUT RANGE SELECTION 

The MP22 may be set for any range between ±5V and 
±10mV. Pin connections for the high level ranges 
available are shown in Table I. 


MP22 Input Range 

Gain 

ADC Range 

Pin Connections 

±5V 

1 

±5V 

See bipolar 




operation 

0- 5V 

1 

0-5V 

65, 63 open; connect 




67 to 68 


TABLE I. Analog Input Range Pin Connections 


In the unipolar mode the MP22 output data is straight 
binary. In the bipolar mode it is bipolar offset binary. If 
two’s complement output is needed an external three- 
state inverting buffer is required. 

Gain of the internal instrumentation amplifier (without 
external gain adjust) is 1.0. This gain can be increased to 
any value between 1.0 and 500 by adding an external 
resistor between pins 1 and 3. This external resistor (R) 
should be stable (10 ppm/°C or better) because its drift 
will add to the system accuracy temperature coefficient. 
Gain of the amplifier is determined by this formula: 

External resistor Rext connected: Gain — 1 ■(■ 25kO/ Rext 
Pins 1 and 3 open: Gain = 1.0 ±0.02% 

OPERATION WITH BIPOLAR INPUT VOLTAGES 

To operate the MP22 with bipolar input voltages of ±5V, 
connect the unit as shown in Figure 10. Amplifier A1 


divides the magnitude of the input by two, and the 
connection of a 12.5kfl resistor between pin 63 (ref out) 
and pin 78 (offset null) offsets the signal such that the 
A/D converter sees a unipolar voltage from 0 to +5V. 

To null the gain and offset errors of this circuit, follow 
this procedure: 

1. Input - 5.0000V to any MP22 channel. 

2. Adjust R 1 until a digital output of all zeros is 
obtained. 

3. Input +4.998 17V to that MP22 channel. 

4. Adjust R2 until a digital output of 0FFF H is obtained. 


POWER SUPPLY CONSIDERATIONS 

For best performance and noise rejection, power supplies 
should be decoupled with 1.0/xf tantalum or electrolytic 
capacitors in parallel with 0.0 ljuFceramic capacitors. To 
insure proper power supply sequencing, a diode should be 
connected between the pins 50 and 62 with the anode 
connected to pin 50. 

A 0. 1 ijlF ceramic capacitor is required on each of the lines 
+MUX SUPPLY OUT (pin 37) and -MUX SUPPLY 
OUT (pin 38). Each is tied from the respective pin to 
ground. 




ANALOG INPUT 

DIGITAL OUTPUT | 

±5V 

0 to 
+5V 

±5 mV 

OFFSET BINARY 

STRAIGHT BINARY 

TWO’S 

COMPLEMENT 

+Full Scale 

4.9975V 

4.9988 V 

4.9975 mV 

FFFh 

FFFh 

7FF h 

Mid Scale 

0.0000V 

2.5000 V 

0.0000 

800 h 

800h 

000h 

-Full Scale 

-5.0000V 

0.0000 V 

-5.0000 mV 

OOOh 

000h 

800h 

One LSB 

2.44m V 

1.22mV 

2.44/iV 





TABLE II. Analog Input, Digital Output Relationship 
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APPLICATIONS 


DATA ACQUISITION FROM 
THERMOCOUPLE INPUTS 

Thermocouples are often used as temperature sensors for 
process control systems. Thermocouples are 
characterized by temperature coefficients of 10 to 
70/uV l°C and operating ranges of minus hundreds to plus 
thousands of degrees centrigrade. When the MP22 is 
operated with an instrumentation amplifier gain of 100 or 
more, it may be connected directly to these devices. 
The wire runs from thermocouple to measuring device 
often pick up large common- mode noise signals of 60 Hz 
or higher frequencies. When the MP22 is used as an eight 
channel differential input system, the high common- 
mode rejection of the instrument amplifier will reject 
common-mode noise. To minimize differential mode 
noise, the signal wire should be twisted and if possible 
shielded. As a rule, an unshielded twisted pair is better 
than a coax, and a shielded, twisted pair is still better. In 
applications where these wiring practices cannot always 
be observed, a differential RC filter may be used. Figure 
1 1 shows such a system. 

The 10 kfl resistors and 10/uF capacitor provide low pass 
filtering (f c = 0.8 Hz) while the optional 1 Mfl resistors 
supply bias current to the instrumentation amplifier. The 


remote sensor should be earth grounded to prevent 
common-mode voltages from exceeding the ±5 volt range 
of the multiplexer. If the sensor is earth grounded, the 
1MH resistors are not required. The 1 MO resistors do 
not enter into an error calculation for input errors 
because the low resistance of the sensor shorts any 
differential voltage that might be caused by the offset 
(difference current) of the amplifier. Offset or difference 
current is merely the difference between the bias currents 
of the two inputs. The 1MO resistors could have been put 
on the output side of the multiplexer eliminating the need 
for repeating them for each input; however, this would 
have loaded the lOkH resistors of the filter causing a 
possible 1% error for static conditions. 

To complete a thermocouple system it is necessary to 
terminate all thermocouple wire pairs at an isothermal 
box or connector strip of some type. An ordinary barrier 
strip may be monitored to allow the observed 
thermocouple emf to be cold junction compensated. 
Figure 1 1 shows an excellent circuit for this purpose. Its 
output is connected to one of the input channels to supply 
ambient temperature data to the system computer. Its 
output sensitivity is approximately 2 mV/°C. 
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Microprocessor-Interfaced 
12-BIT DATA ACQUISITION SYSTEM 


FEATURES 


DESCRIPTION 


INTERFACES WITH 8080A, 8048, Z-80, SC/MP 
MICROPROCESSOR WITHOUT ADDITIONAL 
COMPONENTS 

INTERFACES WITH 6800, 650X, F8, 8085 
MICROPROCESSORS WITH MINIMAL 
EXTERNAL LOGIC 

COMPATIBLE WITH PDP-8, PDP-11, NOVA, ECLIPSE 

MINICOMPUTERS 

EASY TO PROGRAM 

One instruction acquires data as a memory-mapped 
device 

Two instructions acquire data as an accumulator I/O 
device 


The MP32 is a complete analog input system and 
interfaces to many microprocessors without addi- 
tional external components. Contained in an 80-pin 
quad-in-line package, it includes a 12-bit CMOS 
A/D converter, instrumentation amplifier, 
input multiplexer that accepts up to 16 single-ended 
signals or 8 differential signals, an addess decoder, 
and control logic. Logic to generate interrupt, halt, 
and direct memory access request signals is also 
included. The system can digitize low level or high 
level analog signals. Gain of the internal instrumen- 
tation amplifier can be programmed with a single 
external resistor allowing input ranges as low as 
±10mV. 


MULTIPLEXER 

SINGLE-ENDED/ 

DIFFERENTIAL 


ADDRESS 

DECODER 



•— o 

CONTROL 

LOGIC 

ADDRESS 

SELECT 

A 



-O 

1— 


_v 



DELAY 


xP CONTROL BUS 


»P DATA BUS 


A/D 

CONVERTER 


±REF 
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DESCRIPTION (CONT) 

ANALOG MULTIPLEXERS 

Two 8-channel CMOS analog multiplexers are used on 
the input which permits selection of 16 single-ended or 8 
differential inputs. A 16-channel pseudo-differential mode 
of operation can also be achieved by connecting the 
amplifier’s inverting input to a common, remote signal 
ground. Channels are addressed by the address decoder 
which is connected directly to the microprocessor address 
bus. The number of input channels can be expanded 
without limit using external multiplexers. 
INSTRUMENTATION AMPLIFIER 
The instrumentation amplifier is a low drift, differential 
amplifier featuring high speed at gains above unity and 
gain programming With an external resistor. Gain may be 
selected from unity to 500. 


ANALOG-TO-DIGITAL CONVERTER 

The 12-bit A/D converter is a CMOS, successive 
approximation device with 40/zsec conversion time and 
three-state outputs. Laser-trimmed, compatible thin-film 
networks are used to assure linearity and stability over 
wide temperature ranges. 

ADDRESS DECODER 

The 12-bit address decoder has been included in the 
MP32 so the device can be uniquely specified within 4k 
bands of the address field. If further decoding is required, 
the chip select (CS) pin can provide a 13th bit or the 
output of an external decoder can be connected to the 
internal address decoder output “wired-AND” node. 


GC kli 

D O 
Q O 
< o 




FIGURE 1. System Block Diagram. 
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DELAY TIMER 

A time delay between channel selection and start of 
conversion is built into the MP32 and is described in 
detail in the Analog Input Configuration section. 

CONTROL LOGIC 

The control logic generates signals to halt or interrupt the 
CPU while conversion takes place and to signal the CPU 
when conversion is complete and data can be read. 


Enable signals are also generated to gate the data onto the 
data bus. 

REFERENCE 

The internal voltage reference of the MP32 has been 
optimized for stable outputs with respect to temperature. 
Output current up to 2mA can be drawn externally from 
the reference outputs. 


SPECIFICATIONS 


ELECTRICAL 

Typical at ±25°C and rated supplies unless otherwise noted. 


MODEL 

MP32BG AND MP32CG 


MIN 

TYP 

MAX 

UNITS 

| TRANSFER CHARACTERISTICS | 

Resolution(i) 

12 

12 

12 

Bits 

Number of Channels 

16 Single-ended/8 Differential 


Throughput RateO) at G = 1 

50 

70 

80 

Msec/Channel 

| ANALOG INPUT/OUTPUT j 

ADC Voltage Input Ranges(2) 





Bipolar(3) 


±10 


V 

UnipolarO) 


0 to ±10 


V 

Amplifier Gain Range 


1 to 500 


V/V j 

Gain Equation 


1 + (25kn/REXT) 



Input Voltage Without Damage 



±35 

V 

Input Voltage for Multiplexer Operation 



±10 

V 

Input Impedance 





Off Channel 



1018 

n 

On Channel 


1.5 

1.8 

kn 

Bias Current 





+25° C 



300 

nA 

0°C to +70°C 



400 

nA 

Amplifier Output Noise G = 100, Rs = 15000 


1.2 


mV, rms 



7.0 


mV, p-p 

Amplifier Input Offset 


±0.5 

±7.0 

mV 

Amplifier Input Offset Drift (Rsource = 1 5kO max) 


±[7 ± ( 90/G ) J 

±[26 ± ( 1 90/G ) ] 

M v/°c 

Amplifier Gain Drift, (Rext ^ 10ppm/°C) 





G = 1 



±10 

ppm/°C 

G = 10 



±110 

ppm/°C 

G = 100 



±120 

ppm/°C 

G = 500 



±120 

ppm/°C 

Amplifier Settling Time to ±0.01% of FSR 





G = Id) 



15 

Msec 

G = 10 


20 


Msec 

G = 100 


25 


Msec 

G = 500 


100 


Msec 

CMRR for Differential Inputs DC to 60Hz 

80 

84 


dB 

Instrumentation Amplifier 





Power Supply Sensitivity 



(1 ±(2/G)] 10-* 

% FSR/%AV 

| ACCURACY I 

System RSS Accuracy!*) at 25kHz Throughput 





G = 1, BG 



±0.05 


CG 



±0.025 


Linearity, BG 



±0.025 

% FSR 

CG 



±0.0125 

% FSR 

Differential Linearity, BG 


±0.025 


% FSR 

CG 


±0.0125 


% FSR 

Gain Error 


Adjustable to Zero 



Offset Error 


Adjustable to Zero 



System RSS Accuracy at 1 kHz Throughput 





G = 500 



±0.39 

%FSR 

ADC Accuracy Drift 





Linearity 



±3 

ppm/°C 

Gain 



±10 

ppm/° 

Reference Drift 





Ref Out (Pin 63) 



±15 

ppm/°C 

Bipolar Offset (Pin 65) 



±25 

ppm/°C 

System Accuracy Drift (Excluding IA) 





Unipolar 



±25 

ppm/°C 

Bipolar 



±60 

ppm/°C 

No Missing Codes (-25°C to +85°C)(Bits 1 thru 12)CG 


Guaranteed 



(Bits 1 thru 1 1)BG 


Guaranteed 
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ELECTRICAL (CONT) 


MODEL 

MP32BG AND MP32CG 


MIN 

TYP 

MAX 

UNITS 

Power Supply Sensitivity (Excluding IA) 





±15VDC 



±0.008 

% FSR/%AV 

+5VDC 



±0.0002 

% FSR/%AV 

| DIGITAL INPUT/OUTPUT | 

Biopolar Code 


Bipolar Offset Binary 



Unipolar Code 


Unipolar Straight Binary 



Logic Loading Pin (21) 



3LSTTL 


Logic Loading Pin (60) 



2LSTTL 


All Other Digital Inputs 



1LSTTL 


Output Drive 

1TTL Load 




Analog Input Channels Selected By: 


A1-A4 



Output Data 


D0-D7 



| POWER REQUIREMENTS 1 

Rated Power Supply VoltagesO) 


±15, +5 


VDC 

Power Supply Ranges for Rated Accuracy 

+4.75 to +5.25 and ±11.4 to ±15.75 

VDC 

Power Supply Operating Range (±15VDC only) 

±10 


±18 

VDC 

Supply Drain 





+15VDC 


10 

20 

mA 

-15VDC 


15 

20 

mA 

+5VDC 


80 

160 

mA 

Power Dissipation (at rated supplies) 


700 

1300 

mW 

| TEMPERATURE RANGE | 

Specification 

-25 


+85 

°C 

Operating 

-40 


+100 

°C 

Storage 

-55 


+125 

°C 


NOTES: 

1. These parameters are 100% tested. 2. Input voltage must be kept2V below supply voltage. 3. External amplifier required. 4. Gain and offset adjust to zero. 


b 


MECHANICAL 


Q 


r 


£ 


r 




t T nnnn 

*- K G_J 


.500 BASIC 

.002 1 oTi 


27.94 BASIC 




NOTE: 

LEADS IN TRUE POSITION 
WITHIN 0.015" 1 0.38mm ■ R @ 
MMC AT SEATING PLANE. 

Pin numbers shown for 
reference only. Numbers may 
not be marked on package. 


MATERIAL: Ceramic 
WEIGHT : 32 grams ( 1 .2 oz. ) 

MATING CONNECTOR: 2350MC (set of four 20 pin strips) 


PIN ASSIGNMENTS 


Pin 

IA GAIN SELECT 1 


IA IN HI/MUX OUT HI 

2 

IA GAIN SELECT 

3 

ADC GAIN ADJUST 

4 

IN7 

5 

IN6 

6 

IN5 

7 

IN4 

8 

IN3 

9 

IN2 

10 

INI 

11 

IN0 

12 

MUX ENABLE 1 

13 

MUX ENABLE 2 

14 

SIN/DIF 

15 

A0 

16 

A1 

17 

A2 

18 

A3 

19 

A4 

20 

LOGIC INPUT 

21 

A5 

22 

A5 

23 

A6 

24 

A6 

25 

A7 

26 

A7 

27 

A8 

28 

A8 

29 

A9 

30 

A9 

31 

A10 

32 

A10 

33 

All 

34 

All 

35 

CHIP SELECT CS> 

36 

NC 

37 

NC 

38 

RESET 

39 


ADDR DECODE 40 


No. 

41 DACK/INTA 

42 INT 

43 PRO 

44 MEMR 

45 DBIN 

46 MEMW 

47 DELAY ADJUST 

48 READY 

49 DELAY OUTPUT 

50 +5VDC 

51 DIG COM 

52 START CONV 

53 D7 ' MSB 

54 D6 

55 D5 

56 D4 

57 D3 

58 D2 

59 D1 

60 DO , LSB 

61 -15VDC 

62 +15VDC 

63 REF TEST POINT 

64 ANA COM 

65 BIPOLAR OFFSET 

66 NC 

67 ADC IN 

68 IA OUT 

69 IN8/RET0 

70 IN9/RET1 

71 IN10/RET2 

72 IN11/RET3 

73 IN12/RET4 

74 IN13/RET5 

75 IN14/RET6 

76 IN15/RET7 

77 MUX OUT LO 

78 OFFSET NULL 

79 IA IN LO 

80 EN1 
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DESCRIPTION OF PIN FUNCTIONS 


NUMBER DESIGNATION DESCRIPTION 


Pins 1 and 3 

1A GAIN SELECT 

(Optional). By connecting a resistor between pins 1 and 3, the gain of the internal instrumentation amplifier can be 
varied as follows: Gain = 1 + (25k 0/ R) where R is the gain setting resistor. Gain can be set from 1 to 500. 
Important: If a gain greater than 50 is required, an external capacitor must be connected from DELAY ADJUST 
(pin 47) to +5VDC (pin 50). This increases an internal delay to allow for the increased settling time required by the 
instrumentation amplifier. 

Pin 2 

IA IN/ HI 

MUX OUT HI 

This is the positive input of the internal instrumentation amplifier, and the “high side” of the 

multiplexer. For differential operation this pin is left open. For single-ended operation connect pin 2 to pin 77 and 

pin 79 to pin 64. 

Pin 4 

ADC GAIN ADJUST 

This pin is used to adjust gain of the ADC (see Figures6 and 7). If no external gain adjustment is needed, this pin is 
left open. 

Pins 5 thru 12 

IN7-IN0 

The first 8 (of 16) analog inputs for single-ended operation or the 8 positive inputs for 8-channel differential input 
operation. 

Pin 13 

MUX ENABLE 1 

Leave open for single-ended operation. Connect to MUX ENABLE 2 (pin 14) for differential input operation. 

Pin 14 

MUX ENABLE 2 

Connect to SIN/ DIF (pin 15) for single-ended input operation. Connect to pin 13 (MUX ENABLE 1 ) for 
differential input operation. 

Pin 15 

SIN/ DIF 

Connect to MUX ENABLE 2 (pin 14) for single-ended operation. Leave open for differential input operation. 

Pin 16 

A0 

In the Halt Mode A0 = “O’ 4 and NTEftTR = “0” will start conversion and enable 8LSB’s; A0 = “1” enables 4MSB’s. 
At the start of conversion, the output registers are not cleared. 

Pins 17 thru 20 

A1-A4 

Address lines that select one of 16 analog input signals (IN0-1N 15). 0000 selects channel 0 and 1111 selects channel 

15 when the correct address is presented to the MP32. A4 is connected to DIG COM (pin 51) for 
differential operation. 

Pin 21 

LOGIC INPUT 

Connect to pin 40. See signal description under pin 40. 

Pins 22,24,26, 
28,30,32,34,36 

A5-A1 1, CS 

Address lines. When the proper address is presented to the MP32, the internal logic is enabled for 
conversion or data output. CS is used as a chip select or the most significant address bit. It must be “1” to enable the 

Pins 23, 25, 27, 
29,31,33, 35 

A5-A11 

Address select lines. These lines are used to program the address decoder to respond to a particular address. This is 
done by connecting these pins to +5VDC or ground such that the bit pattern is the complement of the desired 
address that appears on the corresponding bit lines. 

Pin 37 

NC 

No connection. 

Pin 38 

NC 

No connection. 

Pin 39 

RESET 

A “low” on this line is required to RESET the MP32. Connect to system reset line. 

Pin 40 

ADDR DECODE 

A positive pulse will appear when a valid address appears on the MP32 address lines. This pin is usually 
connected to LOGIC INPUT (pin 21). The rising edge of this pulse strobes the input channel select information 
(A1-A4) into an internal latch. It can also be used by the user for other system timing. 

Pin 41 

DACK/INTA 

In the Interrupt Mode, this pin is connected to the microprocessor interrupt acknowledge pin. This is an active low 
signal. If not used, connect to +5VDC through a lkfl resistor. 

Pin 42 

INT 

In the Interrupt Mode, this signal is connected to the microcomputer system interrupt. Once the conversion is 
completed the MP32 generates an INT signal which will remain high until an lNTA signal is received from 
the microcomputer. This is an open-collector LSTTL signal and must be pulled up with an external resistor. 

Pin 43 

DRQ 

In the DMA Mode, this pin is connected to the direct memory access request line of the microcomputer system. 
Once conversion is complete, the MP32 will generate a DRQ signal which will remain high until DACK is 
received. 

Pin 44 

MEMR 

Memory read. A “low” pulse on this line is used to start a conversion in the Halt Mode. If not used, connect to 
+5 VDC through a lkfl resistor. 

Pin 45 

DBIN 

Connect the DBIN on 8080A. If used with any other microprocessor, connect through lkfl resistor to +5VDC. 

Pin 46 

MEMW 

Memory write. A “low” pulse on this line along with DO = 0 will start conversion in the Interrupt or DMA Modes 
provided that LOGIC INPUT (pin 21) is“l”. If not used, connect to +5VDC through a lkfl resistor. 

Pin 47 

DELAY ADJUST 

When the IA is operated with gain greater than 50, the delay time must be increased (see Figure 1 1) to allow for the 
increased settling time of the IA. 

Pin 48 

READY 

In the Halt Mode connect this output signal to the input that will cause the microprocessor to enter the “Wait” state 
(such as the READY input on the 8080). A logic “0” causes the microprocessor to halt to allow time for the analog 
circuitry to settle and the conversion to be completed (70/usec with gain ^ 50). After conversion, the READY line 
will return to logic “1 ” which releases the microprocessor from the “Wait” state. The output data then appears on 
the data bus. 

Pin 49 

DELAY OUTPUT 

When the MP32 is addressed, an internal delay of approximately 15/usec is initiated to allow for 
multiplexer and instrumentation amplifier settling time. Pin 49 must be connected to START CONV (pin 52). This 
point may be connected to a sample/ hold control input if an external S / H is used. 

Pin 50 

+5VDC 

+5VDC at 160mA, max. 

Pin 51 

DIG COM 

Digital commmon. This pin should be connected to ANA COM (pin 64) as close to the MP32 as 
possible for optimum performance. 

Pin 52 

START CONV 

This pin should be connected to DELAY OUTPUT (pip 49). 

Pins 53 thru 60 

D7-D0 

8-bit data bus. Tri-state low power Schottky TTL-compatible. 

Pin 61 

-15V DC 

-15VDC at 20mA, max. 

Pin 62 

+ 15VDC 

+ 15VDC at 20mA, max. 

Pin 63 

REF TEST POINT 

Test point for reference testing. 

Pin 64 

ANA COM 

Analog common. This should be connected to DIG COM (pin 51) as close to the MP32 as possible for 
optimum performance. 

Pin 65 

BIPOLAR OFFSET 

+5VDC voltage reference output. 2mA can be supplied from this pin without degradation. 


6-241 



DESCRIPTION OF PIN FUNCTIONS (CONT) 

NUMBER 

DESIGNATION 

DESCRIPTION 

Pin 66 

NC 

No connection. 

Pin 67 

ADC IN 

A/ D converter input. Connect to I A OUT (pin 68). If external S / H used, connect to S / H output. 

Pin 68 

I A OUT 

Instrumentation amplifier output. Connect to ADC IN (pin 67) for normal operation. If external S/ H used, 
connect to S/ H input. 

Pins 69 thru 76 

IN8/RET0 

-IN15/RET7 

Analog inputs 8 through 15 for single-ended operation or anajog returns 0 through 7 for differential input 
operation. 

Pin 77 

MUX OUT LO 

Multiplexer output for IN8/RET0 - IN 15/ RET7. Connect to IA IN HI/ MUX OUT HI (pin 2) for single-ended 
input operation or connect to IA IN LO (pin 79) for differential input operation. 

Pin 78 

OFFSET NULL 

Instrumentation amplifier offset adjust (see Figures 5, 6, and 7). 

Pin 79 

IA IN LO 

Negative input of the instrumentation amplifier. Connect to AN A COM (pin 64) for single-ended input operation 
or MUX OUT LO (pin 77) for differential input operation. 

Pin 80 

ENI 

Output signal which enables 4MSB’s. See Figure 14 for utilization to obtain two’s complement. For a straight 
binary output this pin is left open. 


OPERATING INSTRUCTIONS 


ADDRESSING MODES 

In the memory-mapped addressing mode, the MP32 is 
regarded as a block of memory locations, each with its 
own unique address. Since the output data word is 12 bits 
long, it requires two address locations for each word. 
The MP32 is connected to the microprocessor just as 
though it were memory, using the memory control lines. 
The address word format is illustrated in Figure 2. 
Address bits A5 through A1 2 (A 12 is connected to CS, or 
CS can be used as a chip select) identify a particular 
MP32 unit. The bit pattern of A5 through A 1 2 is s elected 
by the user by connecting inputs A5 through A 12 to logic 
1 or logic 0. A1 through A4 select the particular analog 
input channel. AO is used as a byte select (see Description 
of Pin Functions). The byte select bit is sequenced as 
specified in the discussion on operational modes. The 
advantage of using memory-mapped addressing is the 
flexibility of programming. All of the many memory 
reference instructions can be used to control MP32 
operation. 


A15 A14 A13 A12 All 

A10 A9 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 



X [ X 

i 



1 

1 

□ 

□ 

c 

_ 


□ 

□ 

_ 











/\ 



/\ / 





MP32 Address 




Channel 

Select 

V' 

Byte 

Select 


FIGURE 2. Address Word Format 

Input/Output Addressing 


Input/ output addressing is accomplished by considering 
the MP32 as an input/ output or peripheral device. Thus 
the I/O control signals are used to operate the unit. The 
addressing scheme is the same as that described in the 
Memory-Mapped Addressing section. The user may be 
forced to use I/O addressing if all of the available 
memory addresses have been taken up with memory or 
other memory-mapped devices. 

Address Expansion 

The 8 -bit MP32 base address (A5 through A1 1 and CS) 
enables one of 256 bands of locations in the address field. 
The top 3 bits of the 1 6-bit microprocessor address bus 


are not used by the MP32. If it is necessary to expand the 
addressing capability to include these 3 additional bits, 
the output of an external 3-bit address decoder can be 
used in conjunction with the ADDR DECODE signal 
output of the MP32, to provide the LOGIC INPUT 
signal required by the MP32. 

OPERATIONAL MODES (Memory-Mapped) 

Halt Mode 

After powerup (or manual) reset, the MP32 is auto- 
matically set for operation in the Halt Mode. This mode 
requires minimum software to acquire data. To use the 
MP32 in the Halt Mode connect the MP32 READY line 
to the 8080 READY input (see Figure 15). When a 
memory reference instruction such as LHLD is executed, 
the READY line goes low, halting the CPU for the 
duration of the data conversion (50/xsec, gain = 1 ). When 
the conversion is complete the READY line goes high, 
signaling the CPU to exit the wait state and enter the T 3 
state to read the 8 LSB’s. After reading the 8 LSB’s, the 
CPU increments the memory address register and reads 
the 4MSB’s. When the most significant data byte has 
been read the internal logic resets and the MP32 is ready 
for the next conversion. 

Example: 

A I 5 A 14 A 1 3 A 1 2 All A 10 A 9 A8 A 7 A6 A5 A4 A3 A2 A I AQ 
XXXI I II I 0 I I 1 0 0 I 0 
MP32 Base Address Channel Select 

MP32 used with 8080; read MP32 base address: 

1F72H channel 9. 

LHD 1F72H acquires and transfers data to CPU from 
channel 9. 

The 8 LSB’s (at location 1F72H) are transferred to 
register L and the 4MSB*s (at location 1F73H) are 
transferred to register H. 

Total time: 16tcy + 50jusec = 57.8/usec (for tcy = 488nsec 
8080 A) 

Interrupt Mode 

To u se the MP32 in the Interrupt Mode connect the INT 
and DACK/INTA lines to the 8080’s INT input and 
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INTA output respectively (see Figure 16). Conversion is 
initiated by writing DO = into the MP32. When the 
conversion is complete the M P32 ge nerates an INT signal 
which will remain low until INTA is received from the 
8080. 

Example: MP32 base address 1F72H 

MVI A, OH OOH 


STA 1F72H 

START conversion 


Continue with program. INT will 
arrive 50/isec after start of conversion. 


INT arrives here 

User will generate RS I' instruction 
(usually done with an 8227) which 
will provide the address of an 
interrupt handling routine and store 
program counter. 

INTERRUPT Handler: 


PUSH PSW 

Store acc. and flags 

PUSH H ) 

PUSH D > 

PUSH B ) 

Store reg. if necessary 

El 

Enable interrupt 

LHLD 1E72H 

READ DATA from MP32 


Channel 10 L = 8LSB’s 


H = 4MSB’s 


Process data 

POP B ) 

POP D > 

POP H ) 

Restore registers and flags 

POP PSW 

Restore program counter 

RET 



Polled Mode 

The electrical connections for the Polled Mode are the 
same as that for the Halt Mode, except that the MP32 
READY line is not connected. 

Programming in the Polled Mode is also similar to that of 
the Halt Mode except that after starting the conversion 
with a memory reference instruction, the program con- 
tinues to run. After sufficient time has elapsed for the 
completion of the conversion, the most significant data 
byte is read. If the MSB is set, the conversion is still in 
progress. When it has been determined that the conver- 
sion has been completed, the least significant, and then 
the most significant data bytes are read. Reading of the 
data will begin a new conversion which may either be 
ignored or it can access the next analog channel of 
interest. In either case, the data from the first conversion 
will not be affected. 

Direct Memory Access Mode 

Data from the MP3 2 can be updated automatically and 
stored in a dedicated part of system memory by using the 
Direct Memory Access (DMA) mode of operation. 
Figure 3 illustrates the DMA connection for an 8080 
microprocessor. Since the MP32 address decoder is not 
needed for this mode of operation it can be used to 
provide address selection for the DMA controller (model 
8257). This interface is designed to operate on the I/O 
bus. 

The following program can be used to operate the DMA 
interface. Any number of adjacent MP32 channels can be 


cycled repeatedly by inserting the desired memory starting 
address and the terminal count into the program. 


Programming For DMA Operation 



(Starts conversion when 
DMA inablod) 


ENTER: 


MVI A. XX 
OUT X4H 
MVI A. YY 
OUT X4H 
MVI A. XX 
OUT X6H 
MVI A. YY 
OUT X6H 
MVI A. XX 
OUT X7H 
MVI A. 0 
OUT X7H 
MVI A. 0 
OUT X5H 
MVI A. 0 
OUT X5H 
MVI A. 84H 
OUT X8H 


Toad Channel 2 with DMA Starting Address 

load Channel 3 with DMA Starting Address 

load Channel 3 with Terminal Count 

load Channel 2 with 0 Terminal Count 

:Set Mode Reg. for Autoload and enable Channel 2 


The interface is designed to always start on analog input 
channel 0. The interface requires one pass through all 
channels to intialize. The data put in memory through 
this initial pass will most likely be erroneous and should 
be disregarded. 

OPERATIONAL MODES (Input/Output) 

Each memory-mapped operational mode can also be 
used on the I/O bus. When used with the I/O b us the 
appropriat e address lines and timing signals (i.e., I/OR 
instead of MEMR) must be applied. In addition, the 
appropriate READ and WRITE instructions must be 
used. For the 8080 this would mean substituting the 
following sequence for LHLD XXXXH: 

IN XXH 
MOV L, A 
IN XX+1H 
MOV H, A 
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FIGURE 3. MP32 / 8080 Connection for DMA Operation (I/O Mapped). 


TIMING 

The internal timing diagram and timing constraints of the 
MP32 are shown in Figure 4 and Table I. The MP32 is 
compatible with any digital system that can operate 
within the timing constraints shown. 

ANALOG INPUT 
CONFIGURATION 

UNIPOLAR AND BIPOLAR OPERATION 

The MP32 will convert either unipolar or bipolar voltage 
inputs. Unipolar input ranges vary from + 1 OmV to + 10 V 
(full scale). Bipolar ranges are from ±10mV to±10V. For 
bipolar input signal ranges from ±5V to ±10V, an 
external amplifier is used to divide the input signal by 2 
and an offset is introduced to give a 0 to +5V input to the 
ADC. Use the connection diagram shown in Figure 5. 
For bipolar input signal ranges of ±5V down to ±10mV, 
the external amplifier is not used. Use the connection 
diagram shown in Figure 6. 


TABLE I. MP32BG/CG Timing Diagram Parameters. 



Parameter 




tad 

Delay - Valid Addr. to Addr. Decoder Out 


M 


tT 

Delay - MEMW to DELAY Out 




tT 

Delay - IVfPKTR to DELAY Out 


KB 

^233 

tdelay 

Analog Settling Time 

m 



tR 



MM 

Hj2l2| 

tconversion 

Total Channel Conversion Time 

45 


mui 

tD 

Delay - End of Conversion to DRQ 


■a 

[223 

tl 

Delay - End of Conversion to INT 


|^| 


tDa 



m 


tla 

Delay - DACK/INTA to INT Out 


mm 

B23 


The unipolar input connection diagram is shown in 
Figure 7. Table II gives a summary of circuit config- 
urations for several input ranges. 


TABLE II. Analog Input Configurations. 


Input Range 

IA Gain 

Circuit 

Configuration 

Delay Adjust 
Required 

±ioy 

1 

Figure 5 

No 

±7.5V 

1.33 

Figure 5 

No 

±5V 

1 

Figure 6 

No 

±1.0V 

5 

Figure 6 

No 

±100mV 

25 

Figure 6 

No 

±20mV 

250 

Figure 6 

Yes 

Oto+IOV 

1 

Figure 7 

No 

0 to +5V 

2 

Figure 7 

No 

0 to +20mV 

500 

Figure 7 

Yes 


INSTRUMENTATION AMPLIFIER GAIN SELECTION 

The internal instrumentation amplifier gain may be set to 
any value between 1 and 500 by connecting an external 
gain resistor between pins 1 and 3. With the pins open the 
gain is 1 ±0.02%. The gain of the amplifier is determined 
by: G = 1 + (25kf)/R e xt), where R«t is the gain resistor 
value. The external resistor should be stable (10ppm/°C 
or beter) since its drift will add to the gain temperature 
coefficient. 

SINGLE-ENDED VERSUS DIFFERENTIAL INPUTS 

The MP3 2 analog inputs may be connected in single- 
ended, differential, or pseudo-differential configurations. 
Single-ended operation may be used for high level (over 
IV full scale) signals in low noise environments (see 
Figure 8). Differential operation will reject common- 
mode noise that appears on both inputs (see Figure 9). It 
should be used in noisy environments or with any low 
level signal (less than IV). In the pseudo-differential 
mode, the MP32 is connected the same as single-ended 
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FIGURE4. MP32 Timing Diagram. 


Set gain of internal amplifier to 
give ±10V range at IA OUT. 


|3) 

I00n|<* * ~~ 

Bipolar I ^ „ C 

Gain flOkn ,z : 4kfl J 

NOTES: MiUSl ' 250(1 1—1 

1. Resistor network - 10kn pull down 1 ♦ 

(Bourns 41 16R-0C1-104 or Allen B 'f 0,ar 

Bradley 316B). B J set 

2. IN914 or equivalent. Ad)u8t 

3. Cermet potentiometer and thin-film 
resistors with 100ppm/°C TCR or less. 


FIGURE 5. Connection Diagram for Bipolar 


Set gain of internal amplifier to 
give ±5V range at IA OUT. 


Bipolar 
Offset (3) . 
Adjust : 
250n i 


+5VDC +15VDC -15VDC 

v I-..+] 1 + ..-1+7-1 


n n 

(2) fHH>- 


For clarity, only connections 
4.7 mF Tantalum significant to the analog 
0.01 ^ F Ceramic input configuration are shown. 


511 501 621 641 611 


MP32 

AOCIN 

OFFSET NULL 


BIPOLAR OFFSET 


59 : ] 

— — * 

.58 


I 

57 ' 


1 

56 . T 



55 . 

L 


54 • T 



.53 . T ± 



, 


Input Ranges Between ±5V and ±10V. 


.-.+5VDC +15VDC -15VDC 


4.7/uF Tantalum 
0.01 id? Ceramic 


For clarity, only connections 
significant to the analog 
input configuration are shown. 


notes: B Sl ar C!f u !i!_J3l R EF test POINT Rl— 

1. Resistor network - lOkn pull down Art | llst ... 4 Anr pain AniM*T ^ 

(Bourns 41 16R-00M04 or Allen Ad,USt ADC GAIN ADJUST p 2 

Bradley 316B). 

2. IN914 or equivalent. 

3. Cermet potentiometer and thin-film 
resistors with 1 00ppm/°C TCR or less. 




5l| 501 n2l 641 61| 

i 

_68 

_67 

IA OUT 

MP32 

AOC IN 

■ 37.4k (1 

7B 

OFFSET NULL 


65 

Dlpni AD [lPPQPT 

:50 k n 

63 

DlrULMn UrToE 1 

DPP TCQT PQINT 

4 

ncr i to i r urn 1 

Anr gain An hist 

iMn 

HUU Until nUJUOi 


FIGURE 6. Connection Diagram for Bipolar Input Ranges of ±5V or Less. 
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mode except the I A low input (pin 79) is connected to a 
remote ground that is common to the analog inputs. 



FIGURE 9. Differential Input Connections. 


INPUT OVERVOLTAGE PROTECTION 

As shown in Figure 10, the analog inputs have reverse 
biased diode circuits which protect them from damage by 
overvoltage (such as static). It is still reasonable to take 
precautions against static discharge. The same circuitry 
protects the inputs during operation against damage by 
steady-state differential or common-mode overvoltage. 
The MP32 overvoltage protection can be increased by 
adding series resistors at each input. The input resistance 
must limit the current flowing through the input pro- 
tection diodes to 10mA. For instance, if 15kH resistors 
are added to each input, the protection is increased to 


165V (16.5kH x 10mA). Care should be taken to insure 
safe power dissipation in these resistors. In this case, the 
power dissipated is 1 .65 watts. Increased input resistance 
will, of course, increase the amount of time necessary for 
the multiplexer to settle as described in the following 
section. 




Source 

Resistance 

MP32BG/CG o ^Supply 

1.5kn £ 

" l 

r 0N i 

-Supply O y c 0 

C 0 = 50pF for single-ended m 
C 0 = 12.5pF for differential m 

'These components not prese 

lode ° +Supply 

lode 

int in single-ended connection. 


FIGURE 10. “ON” Channel Circuit Model; 


SETTLING TIME AND DELAY TIME ADJUST 

A delay time between channel selection and start of 
conversion is built into the MP32 to allow the analog 
multiplexer and instrumentation amplifier time to settle 
before starting the A/D converter. As the gain of the 
amplifier is increased, the settling time required increases 
(see Figure 11). The factory-set delay time (15/usec) is 
sufficient for gains of up to 50. At higher gains, a 
capacitor must be connected between pin 47 and pin 50 to 
increase the delay time. Figure 12 shows the value of 
capacitance required to increase the delay. 

The only external factor, other than gain, that affects the 
MP32 settling time is the impedance of the source 
connected to a channel. Figure 10 shows a circuit model 
of an “ON” channel. 

The signal at the output of the multiplexer must be 
allowed to settle to ±0.01% (9.2 time constants) to 
maintain the full accuracy of the system. The multiplexer 
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Amplifier Gain 

FIGURE 11. Differential Amplifier Settling Time 
vs Gain. 



FIGURE 12. Typical Delay Time vs Capacitor Value. 

time constant can be calculated with the formula: 
r = (Rs + Ron)C 0 . 

For R s = lkH and C 0 = 50pF, r = (1.5 + l)kH x 50pF = 
125nsec. The 1.5/usec is needed to settle to ±0.01%. For 
high input impedances requiring more than 10/usec for 
multiplexer settling time, the required delay time may be 
calculated with this formula: 

Td = + T 2 1A, 

where T mU x is the settling time of the multiplexer and Tia 
is the settling time of the instrumentation amplifier as 
shown in Figure 11. If the source bandwidth can be 
limited, high impedance sources may be accurately 
handled by placing a large capacitance across the 
multiplexer input. An analysis of such a circuit shows 
that a capacitor of 0.5/uF is sufficient. For such a 
capacitance the multiplexer time constant becomes 
80nsec. 

For switching of large signals it must be remembered that 
the “ON” resistance is the channel resistance of a FET 
which is a nonlinear function of the applied voltage. As a 
result the previous calculations are only an approxima- 
tion derived from a linearized model. Another factor not 
considered is the addressing delay of the multiplexer. 
This is typically 250nsec and is additive to the above 
calculated times. 

For differential units the same considerations apply. 
Even though two input circuits are involved there is 
sufficient component matching within the multiplexer to 
prevent measurable differences in the transfer functions 
for each half of the signals. Therefore, the time constant 
for only one circuit can be considered the time constant 
for the entire channel. 

The MP32 internal instrumentation amplifier requires 
15/usec to 100/usec for settling time. If this internal 
amplifier is not used, improvements in throughput rate 
can be obtained. This is easily done since neither the 


inputs nor the outputs of the instrumentation amplifier 
are internally connected. For instance, Burr-Brown’s 
model 3507J high speed op amp may be used, with a 
settling time of 1/usec for gains of up to 100. 

For a Tia of 1/usec we have Td = 1 .3/usec. Using 3/usec for 
the delay time to allow for unit-to-unit variation, the total 
throughput time will be 18/usec (including the delay time 
from the factory-set value of 15/usec (see Figure 13). 



Resistor Value (kn) 

FIGURE 13. Typical Resistor Value to Decrease Delay 
Time. 

DATA OUTPUT CODING 

Table III gives the relationship of various input voltage 
levels to corresponding output digital words. The coding 
for unipolar input ranges is called Unipolar Straight 
Binary; bipolar input ranges yield Bipolar Offset Binary 
codes. Another popular output code used with bipolar 
input is Two’s Complement. It is identical to the Bipolar 
Offset Binary except the MSB is inverted. 


TABLE III. Voltage Input/ Digital Output Relationship. 


Analog Input 

Digital Output 

Unipolar Straight 
Binary 

Bipolar Offset 
Binary 

Bipolar Two’s 
Complement 

MSB LSB 

+Full Scale -1LSB 

+Full Scale -1LSB 

-1LSB 

111111111111 

+1/2 Full Scale 

Zero 

-Full Scale 

100000000000 

+1/2 Full 
Scale -1LSB 

-1LSB 

+Full 

Scale -1LSB 

011111111111 

Zero 

-Full Scale 

Zero 

000000000000 



Output Circuit. 

The two’s complement output code may be obtained by 
software programming or by hardware, using a 4-bit 
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tri-state inverter as sh own in Figure 14. The ENi (pin 80) 
signal is used to gate MSB on the microprocessor bus 
durin g the t ime whe n the s econd byte of data is enabled. 
Thus MSB replaces MSB in this byte. The top four bits 
(D4-D7), normally not used in the second byte, are made 
equal to MSB to make two’s complement addition easier. 

SETUP AND CALIBRATION 

RESET 

It is importa nt to res et the MP32 on start-up with a low 
pulse on the RESET line (pin 39). The reset pulse clears 
internal control logic and guarantees that at start-up all 
control lines are in the proper state. 

GAIN AND OFFSET ADJUST CIRCUITS 
The components required to null gain and offset errors 
for unipolar and bipolar inputs are shown in Figure 5, 6, 
and 7. 

The offset is adjusted at the lowest input voltage transition 
point. (The input voltage at which the output code 
changes from 000000000000 to 000000000001 .) The gain 
is adjusted at the highest input voltage transition point. 
Offset is adjusted first, then gain. 

CALIBRATION WHEN USED WITH 
INTEL MODEL 8080 

Before calibration, the MP32 should be allowed to warm 
up for 15 minutes (power applied). Calibration is 
performed by connecting a precision voltage source 
(capable of 0.005% accuracy) to an input channel. (This 
could also be a DC voltage source of less absolute 
accuracy whose output is monitored by a 0.005% DVM.) 
The offset and gain adjustments on the MP3 2 are made 
while applying the voltages shown in Table IV. 

The following program is used to calibrate: 



ORG 

10 H 


AD: 

LXI 

BO 

;Clear B and C Reg. pair 

AC: 

LHLD 

IF70H 

:Read data from 


MOV 

A. L 

;Is Data = Low Ref? 


SUI 

XX XX* 



JZ 

AA 



INR 

C 

;No. Increment count 


JMP 

AB 


AA: 

INR 

B 

;Yes. Increment icount 

AB: 

MOV 

A. B 

:Have 100 conversions 




been made 


ADD 

C 



CPI 

64H 



JNZ 

AC 


AE. 

JMP 

AD 

;Yes. Begin program again 


END 




*XXXX is 0000 for offset. 0FFF for gain. 


The program assumes that the MP32 is wired for channel 
0 located at 1F70H. If the MP32 is wired for a different 
address, the address associated with the LHLD instruc- 
tion AC must reflect this change. 

After assembling and loading the program, set a break- 
point at AE. The program is then started using a G10 
Command. After 100 conversions, the breakpoint! will be 
reached and control will return to the monitor. The B and 
C registers are then examined for an approximately equal 
count (within 10i6 of each other). Both the Offset and 


Gain adjustments require that this process be repeated 
until the approximately equal count is reached. 

CALIBRATION WHEN USED WITH 
MOTOROLA MODEL 6800 

The procedure is the same in concept as that described in 
the 8080 calibration procedure. Again the unit should be 
allowed to warm up (power applied) for 15 minutes. The 
MP32 is connected as shown in Figure 21. 

The 6800 calibration program is: 

ORG $100 

START LDAA #$64 

STAA COUNT 

CLRA 
CLRB 

CONV LDX #0000 

STX $1F70 

NOP 

LDX $ I F70 

CPX #sxxxx* 

BEQ AA 

INCB 
BRA AB 

AA INCA 

AB DEC COUNT 

BNE CONV 
BRA START 

COUNT 

END 

*XXXX is 0000 for offset. 0FFF for gain. 

The program assumes that the MP32 is set for channel 
located at lF70i6 and 1 F7 1 1 6 - If the MP32 has been 
reprogrammed for some other address this value should 
be reflected in the program’s STX instructions that refer 
to the MP32. 

After assembling and loading, insert a breakpoint at 
location 1 1C via a “V” command. 

Calibration is performed by connecting a precision 
voltage source capable of 0.005% accuracy to CH0. (This 
could also be a DC voltage source of less absolute 
accuracy whose output is monitored by a 0.005% DVM.) 
The offset adjustment is made first by using the 
appropriate offset calibration voltage. The calibration 
program is then run and after 100 conversions will halt at 
the breakpoint. Control will return to the monitor which 
will then print the contents of all of the program registers 
at the time of the breakpoint. The contents of each 
accumulator should be compared for approximately 
equal values. If a difference of more than 10i6 is present, 
slightly readjust the offset control and restart the program 
with a ;P command. Repeat this procedure until the 
accumulators’ contents are within 10i6 of each other. 


86 

64 

B7 

01 

21 

4F Clear-accumulators 
5F 
CE 
00 
00 

FF Begin conversion 
IF 
70 
01 

FE Read data 

IF 

70 

8C Is Data = Low Ref 
00 
00 
27 
03 

5C No. Increment count 
20 
01 

4C Yes. Increment count 
7 A Have conversions reached 100? 

01 

21 

26 No. Do another conversion 
F0 

20 Yes. Begin next run 
DF 
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TABLE IV. Calibration Input Voltages. 



Input Voltage 
Ranged) 

Full Scale 

Range 

LSB Value 

Vin for Offset 
Adjustment 

Vm for Gain 
Adjustment 


Oto+IOV 

10V 

2.44mV 

+1.22mV 

9.99634 

Unipolar 

0 to +5V 

5V 

1.22m V 

+0.610mV 

4.99817 


Oto+IV 

IV 

244 juV 

+0.122mV 

+0. 99963V 


-10V to+IOV 

20V 

4.88mV 

-9.99756 

9.99268 

Bipolar 

-5V to +5V 

10V 

2.44mV 

-4.9988 

4.99634 


-IV to +1 V 

2 V 

488juV 

-0.99976V 

+0. 99927V 

General 

Equation 

Vi to V 2 

V 2 - Vi 

V 2 - Vi (2) 

2 n 

Vi + 1/2LSB 

V 2 - 3/2LSB 


NOTES: 

1. For other ranges, compute the proper input voltages using the general equation. 

2. n = resolution (12 bits for MP32BG/CGi. 


The gain adjustment is made in much the same manner. 
However, the data associated with the CPX instruction in 
the calibration program must be changed from 0000i6 to 
0FFF, 6 . 

CALIBRATION WHEN USED WITH 
OTHER MICROPROCESSORS 

The same technique used in calibrating the MP32 with 
the 8080 and 6800 can be used with any processor. 
Repetitive conversions are made around the “edge” of an 
output digital step or transition (the lowest for offset, the 
highest for gain), and then look for 50% of the conversions 
to be on each side of the edge. The program should be 
written to convert with the input at the transition voltage 
a large number of times and record in two registers the 


number of conversions that fall on each side of the 
transition voltage. When the numbers are approximately 
equal (within 1 0i6), the converter is calibrated. This must 
be done for offset first, then gain. Refer to Table IV for 
the high and low transition voltages. 

Again, the unit should be allowed to warm up for 15 
minutes with power applied prior to calibration. 

INTERFACE CONNECTION DIAGRAMS 

The MP3 2 is designed to easily interface with most 
micoprocessors. The following pages illustrate the use of 
the MP32 with several different CPU’s. The basic 
software to operate the units is also shown except where 
previously discussed in the text. 
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All 


8080 


AO 

DBIN 



NOTE: For clarity, only those signals required to connect the MP32 to the 8080 system have been shown. 
All other connections are made as explained elsewhere in this manual or in the 8080 literature. 


FIGURE 16. MP32 Used With 8080 in Interrupt Mode. 



Z-80 is initialized to interrupt MODE 2 
Conversion is started by these instructions: LDA. 0 

LO (XXXX). A Program to READ and STORE 16 channels of data using Block Transfer Instruction. 

The following routine is used to service the interrupt: LO HL. NN :NN point to channel 0 MP32 

INTR: PUSH HL -.Save HL register pair LO DE. MM ;MM points to the first location of the destination 

LO HL. (XXXX) .Read data LD BC. 40H ;Byte counter (2 bytes channel x 16) = 32 10 

LD(YYYY). HL :Store data in memory L01 :Load and increment 

POP HL Restore HL register pair JP PE. LOAD :Has last byte been transferred? 

RET1 

XXXX is the starting address of the desired channel. 

YYYY is the starting address of the locations in memory where 
data is stored. 


FIGURE 17. MP32 Used With Z-80 (Interrupt Mode). FIGURE 18. MP32 Used With Z-80 (Halt Mode). 
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FIGURE 19. MP32 Used With 8085. 



LO 

F70 

START Conversion CHO and Halt processor. READ 
8 LSB's AC EA 

XPAL 

00 

AC (PTR 7 0 ) Store 8 LSB’s in Pointer Reg. 00 

LD 

F71 

READ 4MSB's and RESET MP32 

XPAL 

01 

AC (PTR 15 - 8 ) Store 4MSB’s in Pointer Reg. 01 


NOTE: For clarity, only those signals directly involved 
in the interconnection have been shown. 


FIGURE 20. MP32 Used With SC/MP (Halt Mode). 



FIGURE 21. MP32 Used With 6800. 
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APPLICATION NOTE 

DATA ACQUISITION FROM 
THERMOCOUPLE INPUTS 

Thermocouples are often used as temperature sensors for 
porcess control systems. Thermocouples are character- 
ized by temperature coefficients of 10/iV /°C to 70juV/°C 
and operating ranges of minus hundreds to plus thou- 
sands of degrees centrigrade. When the MP32 is operated 
with an instrumentation amplifier gain of 100 or more, it 
may be connected directly to these devices. The wire runs 
from thermocouple to measuring device often pick up 
large common-mode noise signals of 60Hz or higher 
frequencies. When the MP32 is used as an 8-channel 
differential input system, the high common-mode re- 
jection of the instrumentation amplifier will reject 
common-mode noise. To minimize differential mode 
noise, the signal wire should be twisted and if possible 
shielded. As a rule, an unshielded twisted pair is better 
than a coax, and a shielded, twisted pair is still better. In 
applications where these wiring practices can not always 
be observed, a differential RC filter may be used. Figure 
22 shows such a system. 

The lOkfl resistors and lO^F capacitor provide low-pass 
filtering (f c = 0.8Hz) and the optional lMfl resistors 
supply bias current to the instrumentation amplifier. The 


remote sensor should be earth-grounded to prevent 
common-mode voltages from exceeding the ±5 V range of 
the multiplexer. If the sensor is earth-grounded, the 1 Mfl 
resistors are not required. The 1 MO resistors do not enter 
into an error calculation for input errors because the low 
resistance of the sensor shorts any differential voltage 
that might be caused by the offset (difference current) of 
the amplifier. Offset or difference current is merely the 
difference between the bias currents of the two inputs. 
The 1 Mfl resistors could have been put on the output side 
of the multiplexer eliminating the need for repeating 
them for each input; however, this would have loaded the 
1 Okfl resistors of the filter causing a possible 1 % error for 
static conditions. 

To complete a thermocouple system it is necessary to 
terminate all thermocouple wire pairs at an isothermal 
box or connector strip of some type. An ordinary barrier 
strip may be monitored to allow the observed thermo- 
couple emf to be cold-junction compensated. Figure 22 
shows an excellent circuit for this purpose. Its output is 
connected to one of the input channels to supply ambient 
temperature data to the system computer. Its output 
sensitivity is approximately 2mV/°C. 
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High Speed 

CMOS ANALOG MULTIPLEXER 


FEATURES 

• HIGH SPEED 

lOOnsec access time 
800nsec settling to 0.01% 

250nsec settling to 0.1% 

• USER-PROGRAMMABLE 

16-channel single-ended or 
8-channel differential 

• SELECTABLE TTL or CMOS COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 

Break-before-make switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 28-PIN HERMETIC DUAL-IN-LINE PACKAGE 


1 




A. 

DECODER | 


*3 

0 

0 


H 

H 

L 


L 

L 

H 


V 

L 

L 



DESCRIPTION 

The MPC800 is a high speed multiplexer that is 
user-programmable for 16-channel single-ended 
operation or 8-channel differential operation and for 
TTL or CMOS compatibility. 

The M PC800 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer thereby facili- 
tating channel expansion by adding additional 
multiplexers. 

High quality processing is employed to produce 
CMOS FET analog channel switches which have low 
leakage current, low ON resistance, high OFF 
resistance, low feedthrough capacitance, and fast 
settling time. 

Two models are available, the MPC800KG for 
operation from 0°C to +75°C and the MPC800SG 
for operation from -55°C to +125°C. 


INPUT BUFFER AND DEC00ERS MULTIPLEXER 
SWITCHES 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

At Ta = +25°C and ±Vcc = 15V, unless otherwise noted. 


MODEL 

MPC800KG, MPC800SG 

■■ 

PARAMETER 

MIN 

TYP 

MAX 

UNITS | 

INPUT 

ANALOG INPUT 

Voltage Range 

-15 


+15 

V 

Maximum Overvoltage 

Number of Input Channels 

-Vcc -2 


+Vcc, +2 

V 

Differential 

8 




Single-Ended 

16 




Reference Voltage RangeO) 

ON Characteristics^) 

6 


10 

V 

ON Resistance (Ron) at +25°C 


620 

750 

n 

Over Temperature Range 


700 

1000 

n 

Ron Drift vs Temperature 

See Typical Performance Curves 


Ron Mismatch 


<10 


ft 

ON Channel Leakage 


0.04 


nA 

Over Temperature Range 


0.6 

100 

nA 

ON Channel Leakage Drift 

See Typical Performance Curves 


OFF Characteristics 





OFF Isolation 


90 


dB 

OFF Channel Input Leakage 


0.01 


nA 

Over Temperature Range 


0.38 

50 

nA 

OFF Channel Input Leakage Drift 

See Typical Performance Curves 


OFF Channel Output Leakage 


0.035 


nA 

Over Temperature Range 


0.48 

100 

nA 

OFF Channel Output Leakage Drift 

See Typical Performance Curves 


Output Leakage (All 
channels disabled )(3) 

Output Leakage with Overvoltage 


0.02 


nA 

+16V Input 


<0.35 


mA 

-16V Input 


<0.65 


mA 

| DIGITAL INPUTS | 

Over Temperature Range 





TTL(4) 





Logic “0” (Val) 



0.8 

V 

Logic “1” (Vah) 

2.4 



V 

Iah 


0.05 

1 

mA 

Ial 


4 

25 

mA 

TTL Input Overvoltage 

CMOS 

-6 


6 

V 

Logic “0” (Val) 



0.3Vref 

V 

Logic “1” (Vah) 

0.7 Vref 



V 

CMOS Input Overvoltage 

-2 


+Vcc +2 

V 

Address A 3 Overvoltage 

-Vcc -2 


+Vcc +2 

V 

Digital Input Capacitance 

Channel Selects) 


5 


PF 

Single-Ended 

4-bit binary code one of 16 


Differential 

3-bit binary code one of 8 


Enable 

Logic “0” 

inhibits all channels 


| POWER REQUIREMENTS | 

Over Temperature Range 





Rated Supply Voltage 


±15 


V 

Maximum Voltage Between Supply Pins 



33 

V 

Total Power Dissipation 


525 


mW 

Allowable Total Power Dissipation^) 
Supply Drain (+25°C) 



1200 

mW 

At 1MHz Switching Speed 


+35, -39 


mA 

At 100kHz Switching Speed 


+25, -29 


mA 

| DYNAMIC CHARACTERISTICS f 

Gain Error 


< 0.0003 


% 

Cross Talk(7) 

See Typical Performance Curves 


Topen (Break before make delay) 


20 


nsec 

Access Time at +25° C 


100 

150 

nsec 

Over Temperature Range 

Settling Time(8) 


120 

200 

nsec 

to 0.1% (20mV) 


250 


nsec 

to 0.01% (2mV) 

Common-Mode Rejection (Differential) 


800 


nsec 

DC 


> 125 


dB 

60Hz 


>75 


dB 

Channel Input Capacitance, Cs (off) 


2.5 


pF 

Channel Output Capacitance, Co (off) 


18 


PF 

Input to Output Capacitance, Cds (off) 


0.02 


PF 


MECHANICAL 





HKEESHH 

WBMSSSm 





HQ 
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EKHI; 

m 

H539 


BH9H 

BBH 

sjjpj 
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PIN CONFIGURATION 



TOP VIEW 


+Vcc 

1 

28 

OUT A 

OUT B 

2 

27 

-Vcc 

NC 

3 

26 

IN 8/8 A 

IN16/8B 

4 

25 

IN 7/7 A 

IN15/7B 

5 

24 

IN6/6A 

IN14/6B 

6 

23 

IN5/5A 

IN13/5B 

7 

22 

IN4/4A 

IN12/4B 

8 

21 

IN3/3A 

IN11/3B 

9 

20 

IN2/2A 

IN10/2B 

10 

19 

INI/1 A 

IN9/1B 

11 

18 

ENABLE 

GND 

12 

17 

Ao 

Vref 

13 

16 

At 

A 3 

14 

15 

A2 
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Cross Talk (% of OFF Channel Signal) 



NOTES: 

1 . Reference voltage controls noise immunity, normally left open for 
TTL compatibility and connected to Vdd for CMOS compatibility. 

2. ViN = ±10V, lorn = 100/iA. 

3. Single-ended mode. 

4. Logic levels specified for Vref (pin 13) open. 

5. For single-ended operation, connect output A (pin 28) to output B 
(pin 2) and use A3 (pin 14) as an address line. For differential operation 
connect A3 to -Vcc. 

6. Derate 8mW/°C above Ta = +75°C. 

7. 10V, p-p, sine wave on all unused channels. See Typical Performance 
Curves. 

8. For 20 V step input to ON channel, into 1 kfl load. 


TYPICAL PERFORMANCE CURVES 

LEAKAGE CURRENTS 

CROSS TALK VS SIGNAL FREQUENCY VS TEMPERATURE 




Signal Frequency (Hz) Temperature (°C) 


COMBINED CMR VS FREQUENCY 
FOR MODEL 3630 AND MPC800 



SETTLING TIME VS SOURCE RESIS- 
Ron DRIFT VS TEMPERATURE TANCE (10V STEP CHANGE - Rl = Ikfl 



Temperature (°C) Source Resistance (kH 
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DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (Ron), the load impedance, the 
source impedance, the load bias current, and the 
multiplexer leakage current. 


Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 
multiplexer leakage current. 

RESISTIVE LOADING ERRORS 

The source and load impedances will determine the ON 

resistance loading errors. To minimize these errors: 

• Keep loadin g impedance as hi g h as possible . This 
minimizes the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a guide- 
line, load impedances of 10 8 H or greater will keep 
resistive loading errors to 0.002% or less for 10000 
source impedances. A 10 6 fl load impedance will 
increase source loading error to 0.2% or more. 


• Use sources with impedances as low as possible. A 
1000H source resistance will present less than 0.002% 
loading error and 10kfl source resistance will increase 
source loading error 0.02% with a 10 8 fl load 
impedance. 

Input resistive loading errors are determined by the 
following relationship (see Figure 1): 

Source and Multiplexer Resistive Loadin g Error 


_ Rs + Ron 
(R s T Ron) pip i p 

Ks r K.ON ' Kl 


X 100% 


where Rs = Rsource 

Ri = Load Resistance 

Ron = Multiplexer ON resistance 



FIGURE 1. MPC800 Static Accuracy Equivalent Circuit 
(Single-ended Operation). 


Input Offset Voltage 

Bias and leakage currents generate an input Offset 
voltage as a result of the Ir drop across the multiplexer 


ON resistance and source resistance. A load bias current 
of lOnA, a leakage current of InA, and an ON resistance 
of 700H will generate an offset voltage of 19yuV if a 10000 
source is used, and 1 18/xV if a lOkfl source is used. In 
general, for the M PC800 the Offset voltage at the output 
is determined by: 

V OFFSET = (Ib + Il)(RoN + R source) where 

I B = Bias current of device multiplexer is driving 
I L = Multiplexer leakage current 
Ron = Multiplexer ON resistance 
Rsource = Source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi- 
plexing low level signals with full scale ranges of lOmV to 
lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source imped- 
ance unbalance, common-mode impedance, load bias 
current mismatch, load differential impedance mismatch, 
and common-mode impedance of the load all contribute 
errors to the multiplexer. The multiplexer ON resistance 
mismatch, leakage current mismatch and ON resistance 
also contribute to differential errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described 
in this section, especially for low level multiplexing 
applications. 



FIGURE 2. MPC800 Static Accuracy Equivalent Circuit 
(Differential Operation). 


Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low level signals 
less than 50mV FSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure. 

• Load impedances, differential and common-mode, 
should be 10 10 n or higher. 
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Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize g round loo ps. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the MPC800 is used for multiplexing high level signals 
of IV to 10V full scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical 
as for low level signal applications 

SETTLING TIME 

Settling time is the time required for the multiplexer to 
reach and maintain an output within a specified error 
band of its final value in response to a step input. The 
settling time of the MPC800 is primarily due to the 
channel capacitance and a combination of resistances 
which include the source and load resistances. 

If the parallel combination of the source and load 
resistance times the total channel capacitance is kept 
small, then the settling time is primarily affected by 
internal RC’s. For the MPC800 the internal capacitance 



FIGURE 3. Settling Time Effects (Single-ended). 



FIGURE 4. Settling and Common-Mode Effects 
(Differential). 


is approximately 20pF differential or 40pF single-ended. 
With external capacitance neglected, the time constant of 
source resistance in parallel with load resistance and the 
internal capacitance should be kept less than 40nsec. This 
means the source resistance should be kept to less than 
2kfl (assume high load resistance) to maintain fast 
settling times. 


SWITCHING TIME 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a 10V signal change 
between channels. 


CROSSTALK 

Crosstalk is the amount of signal feedthrough from the 7 
differential or 15 single-ended OFF channels appearing 
at the multiplexer output. Crosstalk is caused by the 
voltage divider effect of the OFF channel, OFF resistance, 
and junction capacitances in series with the Ron and 
Rsource impedances of the ON channel. Crosstalk is 
measured with a 20 V, pk-pk, 1000Hz sine wave applied to 
all OFF channels. The crosstalk for these multiplexers is 
shown in the Typical Performance Curves. 


COMMON-MODE REJECTION (DIFFERENTIAL 
MODE ONLY) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) 
capability of a differentially multiplexed system. CM R is 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. Protection is 
provided for common-mode signals of ±2V above the 
power supply voltages with no damage to the analog 
switches. 

The CMR of the MPC800and Burr-Brown’s model 3630 
Instrumentation Amplifier is 120dBatDCto lOHzwitha 
6dB/ octave rolloff to 80dBat 1000Hz. This measurement 
of CMR is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 instrumentation 
amplifier connected for a gain of 1000 and with source 
unbalance of 10kO, lkO and no unbalance. 

Factors which will degrade multiplexer and system DC 
CM Rare: 


• Amplifier bias current and differential impedance 
mismatch. 
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• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 

• Load and source common-mode impedance. 

AC CMR rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to ground. Larger capacitances will 
limit CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capac- 
itances and unbalance of signal lines and multiplexer to 
amplifier wiring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. 

INSTALLATION & OPERATING 
INSTRUCTIONS 

The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figure 5. With the ENABLE line at a logic 1 , the channel 
is selected by the Channel Select Address (shown in the 
Truth Tables). If ENABLE is at logic 0, all channels are 
turned OFF, even if the Channel Address Lines are 
active. If the ENABLE line is not to be used, simply tie it 
to logic 1 . 

For the best settling time, the input wiring and inter- 
connections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL, open collector output with 
pullup resistors are recommended. 

T o preserve common-mode rejection of the M PC800 use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as close as possible to system analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL- 
compatible by leaving the Vref (pin 13) open or CMOS- 
compatible by connecting the Vref to V D d (CMOS 
supply voltage). 

16-CHANNEL SINGLE-ENDED OPERATION 

To use the MPC800 as a 16-channel single-ended 
multiplexer, output A (pin 28) is connected to output B 
(pin 2) to form a single output, then all four address lines 
(Ao, Ai, A2 and A3) are used to address the correct 
channel. 

The M PC800 can also be used as a dual 8-channel single- 
ended multiplexer by not connecting output A and B, but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

8-CHANNEL DIFFERENTIAL OPERATION 

To use the MPC800 as an 8-channel differential multi- 
plexer, connect address line A3 to -V cc then use the 


remaining three address lines (Ao, Ai and A2) to address 
the correct channel. The differential inputs are the pairs 
of Ai and Bi, A2 and B2, etc. 


TRUTH TABLES 

MPC800 used as 16-channel single-ended multiplexer or 
8-channel dual multiplexer. 


USE A 3 AS DIGITAL 
ADDRESS INPUT 

“ON” CHANNEL TO 

ENABLE 

*3 

A 2 

*1 

Ao 

OUT A 

OUT B 

L 

X 

X 

X 

X 

NONE 

NONE 

H 

L 

L 

L 

L 

1A 

NONE 

H 

L 

L 

L 

H 

2A 

NONE 

H 

L 

L 

H 

L 

3A 

NONE 

H 

L 

L 

H 

H 

4A 

NONE 

H 

L 

H 

L 

L 

5A 

NONE 

H 

L 

H 

L 

H 

6A 

NONE 

H 

L 

H 

H 

L 

7A 

NONE 

H 

L 

H 

H 

H 

8A 

NONE 

H 

H 

L 

L 

L 

NONE 

IB 

H 

H 

L 

L 

H 

NONE 

2B 

H 

H 

L 

H 

L 

NONE 

3B 

H 

H 

L 

H 

H 

NONE 

4B 

H 

H 

H 

L 

L 

NONE 

5B 

H 

H 

H 

L 

H 

NONE 

6B 

H 

H 

H 

H 

L 

NONE 

7B 

H 

H 

H 

H 

H 

NONE 

8B 

For 16-channel single-ended function, tie “out A” to "out B, for 
dual 8-channel function use the A 3 address pin to select between 
MUX A and MUX B, where MUX A is selected with A 3 low. 


MPC800 used as 8-channel differential multiplexer. 


Ag CONNECT TO 

* V CC 

“ON” CHANNEL TO 

ENABLE 

A 2 

Ai 

Ao 

OUT A 

OUT B 

L 

X 

X 

X 

NONE 

NONE 

H 

L 

L 

L 

1 A 

IB 

H 

L 

L 

H 

2A 

2B 

H 

L 

H 

L 

3A 

3B 

H 

L 

H 

H 

4A 

4B 

H 

H 

L 

L 

5A 

5B 

H 

H 

L 

H 

6A 

6B 

H 

H 

H 

L 

7 A 

7B 

H 

H 

H 

H 

8A 

8B 


CHANNEL EXPANSION 
Single-tier Expansion 

Up to four M PC800’s can be connected to a single node 
to form a 64-channel single-ended multiplexer or up to 
eight M PC800’s can be connected to two nodes to form a 
64-channel differential multiplexer. Programming is 
accomplished with a six-bit address and a 1 of 4 decoder 
for 64-channel single-ended expansion (see Figure 5) or 
an eight-bit address and a 1 of 8 decoder for 64-channel 
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differential expansion. The decoder drives the enable 
inputs of the MPC800, turning on only one multiplexer 
at a time. 

Two-tier Expansion 

Up to seventeen M PC800’s can be connected in a two-tier 
structure to form a 256-channel single-ended multiplexer 
(see Figure 6) or up to nine MPC800’s can be connected 
in a two-tier structure to form a 64-channel differential 
multiplexer. Programming is accomplished with a 8-bit 
address. 


Single vs Multitiered Channel Expansion 

In addition to reducing programming complexity, two- 
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced Offset), better CM R, and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the single- 
node configuration, data cannot be taken from any 
channel, whereas only one-channel group is failed (8 or 
16) in the multitiered configuration. 



FIGURE 5. 32- to 64-Channel, Single-tier Expansion. 



FIGURE 6. Channel Expansion up to 256 Channels 


using 16 x 16 Two-tiered Expansion. 
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MPC800 




High Speed 

CMOS ANALOG MULTIPLEXER 


FEATURES 

• HIGH SPEED 

80nsec access time 
800nsec settling to 0.01% 

250nsec settling to 0.1% 

• USER-PROGRAMMABLE 

8-channel single-ended or 
4-channel differential 

• SELECTABLE TTL or CMOS COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 

Break-before-make switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 18-PIN HERMETIC DUAL-IN-LINE PACKAGE 


A; 

DECODE 

a 2 

0 

0 

H 

H 

L 

L 

L 

H 

V 

L 

L 



DESCRIPTION 

The MPC801 is a high speed multiplexer that is 
user-programmable for 8-channel single-ended oper- 
ation or 4-channel differential operation and for 
TTL or CMOS compatibility. 

The M PC80 1 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer thereby fa- 
cilitating channel expansion by adding additional 
multiplexers. 

High quality processing is employed to produce 
CMOS FET analog channel switches which have low 
leakage current, low ON resistance, high OFF 
resistance, low feedthrough capacitance, and fast 
settling time. 

Two models are available, the MPC801KG for 
operation from 0°C to +75°C and the MPC801SG 
for operation from -55°C to +125°C. 


INPUT BUFFER ANO OECQQERS MULTIPLEXER 
SWITCHES 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 

ELECTRICAL 


At Ta = +25° C and ±Vcc = 15VDC unless otherwise noted. 


MODEL 

MPC801KG, MPC801SG 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

INPUT 

ANALOG INPUT 

Voltage Range 

-15 


+15 

V 

Maximum Overvoltage 

-Vcc -2 


+Vcc +2 

V 

Number of Input Channels 





Differential 

4 




Single-Ended 

8 




Reference Voltage RangeO) 

6 


10 

V 

ON Characteristics^) 





ON Resistance (Ron) at +25°C 


500 

750 

n 

Over T emperature Range 


700 

1000 

n 

Ron Drift vs Temperature 

See Typical Performance Curves 


Ron Mismatch 


<10 


n 

ON.Channel Leakage 


0.1 


nA 

Over Temperature Range 


0.3 

50 

nA 

ON Channel Leakage Drift 

See Typical Performance Curves 


OFF Characteristics 





OFF Isolation 


90 


dB 

OFF Channel Input Leakage 


0.05 


nA 

Over Temperature Range 


0.6 

50 

nA 

OFF Channel Input Leakage Drift 

See Typical Performance Curves 


OFF Channel Output Leakage 


0.1 


nA 

Over Temperature Range 


0.30 

50 

nA 

OFF Channel Output Leakage Drift 

See Typical Performance Curves 


Output Leakage (All 





channels disabled)(3) 


0.02 


nA 

Output Leakage with Overvoltage 





+16V Input 


<0.35 


mA 

-16V Input 


<0.65 


mA 

| DIGITAL INPUTS f 

Over Temperature Range 





TTL(4) 





Logic “0” (Val) 



0.8 

V 

Logic “1” (Vah> 

2.4 



V 

Iah 


0.05 

1 

mA 

Ial 


4 

20 

mA 

TTL Input Overvoltage 

-6 


6 

V 

CMOS 





Logic “0” (Val) 



0.3Vref 

V 

Logic “1” (Vah) 

0.7 Vref 



V 

CMOS Input Overvoltage 

-2 


+Vcc +2 

V 

Address A 2 Overvoltage 

-Vcc -2 


+Vcc +2 

V 

Digital Input Capacitance 


5 


pF 

Channel Selects) 





Single-Ended 

3-bit binary code 

one of 8 


Differential 

2-bit binary code on of 4 


Enable 

Logic “0” 

inhibits all channels 


| POWER REQUIREMENTS | 

Over Temperature Range 





Rated Supply Voltage 


±15 


V 

Maximum Voltage Between Supply Pins 



33 

V 

Total Power Dissipation 


360 


mW 

Allowable Total Power Dissipation^) 



725 

mW 

Supply Drain (+25°C) 





At 1MHz Switching Speed 


+14,-12.5 


mA 

At 100kHz Switching Speed 


+12.5.-12.5 


mA 

1 dVnAMIC CHARACTERISTICS | 

Gain Error 

1 

< 0.0003 


% 

Cross Talk(7) 

See Typical Performance Curves 


Topen (Break before make delay) 


20 


nsec 

Access Time at 25°C 


80 

125 

nsec 

Over Temperature Range 


110 

150 

nsec 

Settling Time(8) 





to 0.1% (20mV ) 


250 


nsec 

to 0.01% (2mV ) 


800 


nsec 

Common-Mode Rejection 1 Differential > 





DC 


> 125 


dB 

60Hz 


>75 


dB 

OFF Channel Input Capacitance, Cs 1 off 1 


1.9 


PF 

OFF Channel Output Capacitance, Co off 1 


10 


pF 

OFF Input to Output Capacitance, Cds 1 off 


0.02 


PF 


MECHANICAL 



PIN CONFIGURATION 


TOP VIEW 
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Cross Talk i % of OFF Channel Signal 


ELECTRICAL (CONT) 


MODEL 

MPC801KG, MPC801SG 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

| TEMPERATURE f 

MPC801KG 





Specification 

0 


+75 

°C 

Storage 

-65 


+150 

°c 

MPC801SG 





Specification 

-55 


+125 

°c 

Storage 

-65 


+150 

°c 


NOTES: 

1. Reference voltage controls noise immunity, normally left open for 
TTL compatibility and connected to Vdd for CMOS compatibility, 

2. Vin = ±10V, Iout = 10(VA. 

3. Single-ended mode. 

4. Logic levels specified for Vref (pin 8) open. 

5. For single-ended operation, connect output A (pin 18) to output B 
pin 2 and use A 2 (pin 9) as an address line. For differential operation 
connect A 2 to -Vcc. 

6. Derate 8mW/°C above Ta = +75°C. 

7. 10V, p-p. sine wave on all unused channels. See Typical Performance 
Curves. 

8. For 20V step input to ON channel, into 1 kfl load. 


TYPICAL PERFORMANCE CURVES 


CROSS TALK VS SIGNAL FREQUENCY 



100 Ik 10k 100k 1M 10M 

Signal Frequency Hz 



COMBINED CMR VS FREQUENCY 
FOR MODEL 3630 AND MPC801 


35 45 55 65 

Temperature °C 



SETTLING TIME VS.SOURCE RESIS- 
TANCE (20V STEP CHANGE) Rl = IkO 



Ron DRIFT VS TEMPERATURE 



25 35 45 55 65 75 

Temperature °C 
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DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (Ron), the load impedance, the 
source impedance, the load bias current, and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 
multiplexer leakage current. 

RESISTIVE LOADING ERRORS 

The source and load impedances will determine the ON 

resistance loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This 
minimizes the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a guide- 
line, load impedances of 10 8 n or greater will keep 
resistive loading errors to 0.002% or less for 10000 
source impedances. A 10 6 fl load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 
10000 source resistance will present less than 0.002% 
loading error and 10kfl source resistance will increase 
source loading error 0.02% with a 10 8 fl load 
impedance. 

Input resistive loading errors are determined by the 
following relationship (see Figure 1): 

Source and Multiplexer Resistive Loading Error 


e (R s + Ron) = ^ ON x 1 00% where 

Rs + Ron + Rl 

Rs Rsource 

Rl = Load resistance 
Ron = Multiplexer ON resistance. 

Input Offset Voltage 

Bias and leakage currents generate an input Offset 
voltage as a result of the Ir drop across the multiplexer 
ON resistance and source resistance. A load bias current 
of lOnA, a leakage current of 1 nA, and an ON resistance 
of 700H will generate an offset voltage of 19/uV if a 
lOOOO source is used, and 1 IfyuV if a lOkO is used. In 
general, for the MPC801 the Offset voltage at the output 
is determined by: 

VoFFSHT — (Ib + Ii.XRoN + Rsource) Where 
Ib — Bias Current of device multiplexer is driving 
1l = Multiplexer leakage current 
Ron -= Multiplexer ON resistance 
Rsource = Source resistance. 


Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi- 
plexing low level signals with full scale ranges of lOmV to 
lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source im- 
pedance unbalance, common-mode impedance, load bias 
current mismatch, load differential impedance mismatch, 
and common-mode impedance of the load all contribute 
errors to the multiplexer. The multiplexer ON resistance 
mismatch, leakage current mismatch and ON resistance 
also contribute to differential errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described 
in this section, especially for low level multiplexing 
applications. 


Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low level signals 
less than 50mV FSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• The'system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure. 

• Load impedances, differential and common-mode , 
should be 10 I(3 n or higher. 



FIGURE 1. MPC801 Static Accuracy Equivalent Circuit 
(Single-ended Operation). 



FIGURE 2. MPC801 Static Accuracy Equivalent Circuit 
(Differential Operation). 
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Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the MPC801 is used for multiplexing high level signals 
of 1 V to 10V full scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical 
as for low level signal applications 

SETTLING TIME 

Settling time is the time required for the multiplexer to 
reach and maintain an output within a specified error 
band of its final value in response to a step input. The 
settling time of the MPC801 is primarily due to the 
channel capacitance and a combination of resistances 
which include the source and load resistances. 

If the parallel combination of the source and load 
resistance times the total channel capacitance is kept 
small, then the settling time is primarily affected by 
internal RC’s. For the MPC801 the internal capacitance 
is approximately lOpF differential or 20pF single-ended. 



FIGURE 3. Settling Time Effects (Single-ended). 



FIGURE 4. Settling and Common- Mode Effects 
(Differential). 


With external capacitance neglected, the time constant of 
source resistance in parallel with load resistance and the 
internal capacitance should be kept less than 40nsec. This 
means the source resistance should be kept to less than 
4kH (assume high load resistance) to maintain fast 
settling times. 

SWITCHING TIME 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a 10V signal change 
between channels. 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from the 3 
differential or 7 single-ended OFF channels appearing at 
the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel, OFF resistance, 
and junction capacitances in series with the Ron and 
Rsource impedances of the ON channel. Crosstalk is 
measured with a 20V, pk-pk, 1000 Hz sine wave applied to 
all OFF channels. The crosstalk for these multiplexers is 
shown in the Typical Performance Curves. 


COMMON-MODE REJECTION (DIFFERENTIAL 
MODE ONLY) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) 
capability of a differentially multiplexed system. CM R is 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. Protection is 
provided for common-mode signals of ±2V above the 
power supply .voltages with no damage to the analog 
switches. 

The CM R of the M PC801 and Burr-Brown’s model 3630 
Instrumentation Amplifier is 120dBat DC to lOHzwitha 
6dB/ octave rolloff to 80dB at 1000Hz. This measurement 
of CMR is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 instrumentation 
amplifier connected for a gain of 1000 and with source 
unbalance of 10kH, IkH and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch. 

• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 
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• Load and source common-mode impedance. 

AC CMR rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to ground. Larger capacitances will 
limit CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capac- 
itances and unbalance of signal lines and multiplexer to 
amplifier wiring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. 

INSTALLATION & OPERATING 
INSTRUCTIONS 

The ENABLE input, pin 12, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figure 5, With the ENABLE line at a logic 1 , thechannel 
is selected by the Channel Select Address (shown in the 
Truth Tables). If ENABLE is at logic 0, all channels are 
turned OFF, even if the Channel Address Lines are 
active. If the ENABLE line is not to be used, simply tie it 
to logic 1 . 

For the best settling time, the input wiring and inter- 
connections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL, open collector output with 
pullup resistors are recommended. 

T o preserve common-mode rejection of the M PC80 1 use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as close as possible to system analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL- 
compatible by leaving the Vref (pin 8) open or CMOS- 
compatible by connecting the Vref to V DD (CMOS 
supply voltage). 

8-CHANNEL SINGLE-ENDED OPERATION 

To use the MPC801 as an 8-channel single-ended multi- 
plexer, output A (pin 18) is connected to output B(pin2) 
to form a single output, then all three address lines (Ao, 
Ai, and A2) are used to address the correct channel. 

The MPC80I can also be used as a dual channel single- 
ended multiplexer by not connecting output A and B, but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

4-CHANNEL DIFFERENTIAL OPERATION 

To use the MPC801 as an 4-channel differential multi- 
plexer, connect address line A: to -Vcc then use the 
remaining two address lines (Ao and Ai) to address the 
correct channel. The differential inputs are the pairs of Ai 
and Bi, A 2 and B 2 , etc. 


TRUTH TABLES 

MPC801 used as 8-ehannel single-ended multiplexer or 
4-channel dual multiplexer. 


USE a 2 as digital 


1 

ADDRESS INPUT 

“ON” CHANNEL TO j 

ENABLE 

a 2 

Ai 

A 0 

OUT A 

OUT B 

L 

X 

X 

X 

NONE 

NONE 

H 

L 

L 

L 

1 A 

NONE 

H 

L 

L 

H 

2A 

NONE 

H 

L 

H 

L 

3A 

NONE 

H 

L 

H 

H 

4A 

NONE 

H 

H 

L 

L 

NONE 

IB 

H 

H 

L 

H 

NONE 

2B 

H 

H 

H 

L 

NONE 

3B 

H 

H 

H 

H 

NONE 

4B 

For 8-channel single-ended function, tie “out A” to “out B’’, for 
dual 4-channel function use the A 2 address pin to select between 
MUX A and MUX B, where MUX A is selected with A 2 low. 


MPC801 used as 4-channel differential multiplexer. 


A 2 CONNECT TO 

SJ 

“ON” CHANNEL TO 

ENABLE 

Ai 

A o 

OUT A 

OUT B 

L 

X 

X 

NONE 

NONE 

H 

L 

L 

1A 

IB 

H 

L 

H 

2A 

2B 

H 

H 

L 

3A 

3B 

H 

H 

H 

4A 

4B 


CHANNEL EXPANSION 
Single-tier Expansion 

U p to eight M PC80 1 ’s can be connected to a single node 
to form a 64-channel single-ended multiplexer or up to 
eight M PC80 1 ’s can be connected to two nodes to form a 
32-channel differential multiplexer. Programming is 
accomplished with a 6-bit address and a 1 of 8 decoder 
(Figure 5). The decoder drives the enable inputs of the 
M PC80 1 , turning on only one multiplexer at a time. 

Two-tier Expansion 

Up to nine MPC801's can be connected in a two-tier 
structure to form a 64-channel single-ended multiplexer 
(Figure 6) or up to five MPC80Ts can be connected in a 
two-tier structure to form a 16-channel differential 
multiplexer. Programming is accomplished with a 6-bit 
address. 

SINGLE VS MULTITIERED CHANNEL EXPANSION 

In addition to reducing programming complexity, two- 
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced Offset), better CMR, and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the single- 
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node configuration, data cannot be taken from any 
channel, whereas only one channel group is failed (4 or 8) 
in the multitiered configuration. 



FIGURE 5. 64-Channel, Single-Tier, Single-Ended 


Expansion. 



FIGURE 6. 64-channel, Two-Tier, Single-Ended 
Expansion. 
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CMOS ANALOG MULTIPLEXERS 


FEATURES 

• LOW POWER CONSUMPTION 

CMOS analog switches 
15mW at 100kHz 

• PROTECTS SIGNAL SOURCES 

Break-before-make switching 

• HIGH THROUGHPUT RATE 

• RELIABLE MONOLITHIC CONSTRUCTION 

DESCRIPTION 

The MPC8S is a single-ended monolithic 8-channel 
analog multiplexer and the MPC4D is a monolithic 
4-channel differential input/ output multiplexer. The 
digital and analog inputs are protected from 
overvoltage inputs that exceed either power supply. 
These CMOS devices feature self-contained binary 
channel address decoding and are compatible with 
DTL, TTL, or CMOS input levels. Channel 
interaction is eliminated during overvoltage 
conditions and also in the event of a power loss. They 
are packaged in a 16-pin DIP and dissipate typically 
7.5mW. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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DESCRIPTION 


The MPC8S is a single-ended monolithic 8 channel 
analog multiplexer and the MPC4D is a monolithic 
differential input/ output channel analog multiplexer 
constructed with failure protected CMOS devices. 
Transfer accuracies of better than 0.01% can be achieved 
at sampling rates up to 200 kHz from signal sources of up 
to ±10 volts amplitude. 

These DTL/TTL/CMOS compatible devices feature 
self-contained binary channel address decoding. An 
ENABLE line is also made available which allows the 
user to individually enable an 8 channel group (MPC8S) 
or a 4 channel group (MPC4D) facilitating channel 
expansion in either single-mode or multi-tiered matrix 
configurations. 


Digital and analog inputs are failure protected from 
either overvoltages that exceed the power supplies or 
from the loss of power. 

High quality processing is employed to produce CMOS 
FET analog channel switches which have low leakage 
current, high OFF resistance, low feedthrough 
capacitance and fast settling time. 

These devices are housed in compact 16 pin dual-in-line 
packages, and are specified for operation over a 0°C to 
+75°C temperature range. They are in pin and package 
compatible with the 508/509 series. 



FUNCTIONAL BLOCK DIAGRAM - MPC4D 
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MPC4D PIN DIAGRAM 



FUNCTIONAL BLOCK DIAGRAM - MPC8S 
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SPECIFICATIONS 


Typical for following conditions: V + = +15V, V - = -15V, R**™ ^ 1000 fl, Ta = 25°C unless otherwise noted. 


ELECTRICAL | 

| MODELS 

MPC8S 

MPC4D 

Units | 

[INPUT ] 

ANALOG INPUT 




Voltage Range 

±15 

V 

Maximum Overvoltage 

+V supply +20 

V 


-V supply -20 

V 

Current at Maximum Overvoltage 




per channel* " 

±18 

mA 

Number of Input Channels 




Single-ended 

Differential 

8 

4 


ON Characteristics 




ON Resistance (Ron) 




Typical 

1.5 

kf) 

Maximum 

1.8 

kn 

Ron Drift vs. Temperature 




(0“C to +75°C) 

0.25 

%l°c 

Ron Mismatch 



Channel-to-channel 

50 

50 

n 

Differential 

N/A 

50 

n 

Input Leakage (1l) 

0.1 

nA 

Input Leakage Drift 

See Figure 9 


OFF Characteristics 



n 

OFF Resistance 

10" 

Output Leakage 




(All channels disabled) 

0.2 

nA 

Input Leakage* 61 

0.02 

nA 

Leakage Drift 

See Figure 9 


Output Leakage with Input 
Overvoltage 




of +35V 



nA 

of -35 V 



M A 

DIGITAL INPUTS 




Logic “0” (V L )"" : ’ 

-V supply ^ V L < 0.8 at 1 nA 

V 

Logic “1” (Vh)"**'’ 1 

+4V ^ V H < + V supply at 1 nA 

V 

Channel Select 

3 bit binary 

2 bit binary 



code - one of 

code - one of 



eight 

four 


Enable 

Logic “0” (low) disables all channels. 
Logic “1” (high) enables channel select to 
turn on selected channel. 


POWER REQUIREMENTS 



■ ■ 

Rated Power Supply Voltages 

Supply Range 

± 

15 


+Supply 

+5 to +20 

■ 

-Supply 

-5 to -20 

■ 

Supply Drain 




At 1 MHz Switching Speed 

+4, -2 


AT 100 kHz Switching Speed 

±0.5 


Typical Power Consumption 




DC to 10 kHz 

7.5 

WmZam 

(DYNAMIC CHARACTERISTICS 1 

Gain Error (20 Mfl load) maximum 

0.01 

% 

Crosstalk' 1 ’ 

0.005 

% of OFF 

Settling Time' 41 



channel signal 

To ±2mV ±(0.01%) 



ns 

To ±20mV ±(0.10%) 



fiS 

Common-mode Rejection (minimum) 
Switching Time 

N/A j 

120 

dB 

Turn ON 

0.5 

ns 

Turn OFF 

0.3 

ns 

Recovery Time from Input Overvoltage 
Pulse of 35V for 100 /iSec 




To 0.01% 

150 

ns 

To 0.10% 

15 

ns 

1 OUTPUT 1 

Voltage Range 


V 

Capacitance to Ground 

25 


pF 

Capacitance Mismatch 

N/A 


% 

TEMPERATURE 




Specification 

0 to +75 

°C 

Storage 

-65 to +150 

°c 



NOTES: 


1. Total power dissipation due to input 
overvoltage current flowing in the input 
protection circuitry must be limited to 
0.75 watt for both (a) normal operation 
with power supplies turned on or (b) 
during a fault condition when the 
supplies are shorted to ground. 

2. Maximum overvoltage is ±Vsupply ±4 
volts at ±15 mA. 

3. 20 volt peak-to-peak 1000 Hzsinewave; 
Rsource = lOOOfl, same signal on all 
unused channels. 

4. For 20 volts between switched channels, 
Rsource = lOOOH. See Figure 5 for 
settling time vs. source impedance (Rs). 

5. From each side of MPC4D to ground. 

6. Leakage measurement made with all 
OFF channel inputs fed in parallel to 
+20 volts. 


6-269 


MPC4D 





























DISCUSSION OF PERFORMANCE 
Static Transfer Accuracy 


The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (Ron), the load impedance, the 
source impedance, the load bias current and the 
multiplexer leakage current. 


SINGLE-ENDED MULTIPLEXER STATIC ACCURACY 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 

Multiplexer ON resistance error 

DC offset error caused by both load bias current and 

multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This mini- 
mizes the resistive loading effects of the source resis- 
tance and multiplexer ON resistance. As a guideline, 
load impedances of 10 8 ohms or greater will keep 
resistive loading errors to 0.002% or less for 1000 ohm 
source impedances. A 10 6 ohm load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 1000 
ohm source resistance will present less than 0.00 1 % 
loading error and 10,000 ohm source resistance will 
increase source loading error to 0.01% with a 10 8 ohm 
load impedance. 

Input resistive loading errors are determined by the 
following relationship: (see Figure 1) 

Source and Multiplexer Resistive Loading Error 


x 100% 


s on^ r s + r on + r l 
where Rg = source resistance 
Rl = load resistance 
Ron = multiplexer ON resistance 

INPUT OFFSET VOLTAGE 


Bias current generates an input OFFSET voltage as 
result of the IR drop across the multiplexer ON resistance 
and source resistance. A load bias current of 10 
nanoamperes will generate an offset voltage of 20 fx\ if a 
1000 ohm source is used, and 200/uV if a 10,000 ohm 
source is used. In general, for the MPC8S, the OFFSET 
voltage at the output is determined by: 

V OFFSET = Ob + r L) ( R ON + R s) 


where I b = Bias current of device multiplexer is driving 
II = Multiplexer leakage current 
R ON = Mu ltipl exer ON resistance 
r SOurcE = Source resistance 

DIFFERENTIAL MULTIPLEXER STATIC ACCURACY 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for 
multiplexing low-level signals with full scale ranges of 10 
to 100 millivolts. 


The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source 


impedance unbalance, common-mode impedance, load 
bias current mismatch, load differential impedance 
mismatch, and common-mode impedance of the load all 
contribute errors to the multiplexer. The multiplexer ON 
resistance mismatch, leakage current mismatch and ON 
resistance also contribute to differential errors. 

The effects of these errors can be minimized by following 
the general guidelines described in this section, especially 
for low level multiplexing applications. Refer to Figure 2. 
LOAD (OUTPUT DEVICE) CHARACTERISTICS 

• Use devices with very low bias current. Generaly, FET 
input amplifiers should be used for low level signals less 
than 50m V RSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure. 

• Load impedances, differential and common-mode, 
should be 10 10 ohms or higher. 

SOURCE CHARACTERISTICS 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain-scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the MPC4D is used for multiplexing high-level signals 
of ±1 volt to ±10 volts full scale ranges, the foregoing 
precautions should still be taken, but the parameters are 


not as critical as for low-level signal applications. 



FIGURE 1 : MPC8S Static Accuracy Equivalent Circuit. 



FIGURE 2: MPC4D Static Accuracy Equivalent Circuit. 
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SETTLING TIME 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches, the RC time constants of the 
source and the load determine the settling time of the 
multiplexer. 

Governed by the charge transfer relation i = C the 

dt 

charge currents transferred to both load and source by the 
analog switches are determined by the amplitude and rise 
time of the signal driving the CMOS FET switches and 
the gate-to-drain and gate-to-source junction 
capacitances as shown in Figure 3 and 4. Using this 
relationship, one can see that the amplitude of the 
switching transients seen at the source and load decrease 
proportionally as the capacitance of the load and source 
increase. The tradeoff for reduced switching transient 
amplitude is increased settling time. If effect, the 
amplitude of the transients seen at the source and load 
are: 

dV load =^ dt 
dV 

where i = C — — of the CMOS FET switches 
dt 

C = load or source capacitance 

The source must then redistribute this charge, and the 
effect of source resistance on settling time is shown in 
Figure 5. This graph shows the settling time for a 20 volt 
step change on the input. The settling time for smaller 
step changes on the input will be less than that shown in 
Figure 5. 

SWITCHING TIME 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a 10 volt signal change 
between channels. 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from the 
three (MPC4D) or seven (MPC8S) OFF channels 
appearing at the multiplexer output. Crosstalk is caused 
by the voltage divider effect of the OFF channel OFF 
resistance and junction capacitances in series with the 
Ron and Rsource impedances of the ON channel. 
Crosstalk is measured with a 20 volt pk-pk 1000 Hertz 
sine wave applied to all OFF channels. The crosstalk for 
these multiplexers is shown in Figure 6. 

COMMON-MODE REJECTION (MPC4D ONLY) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) 
capability of a differentially multiplexed system. CMR is 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. For the M PC4D, 
protection is provided for common-mode signals of ±20 
volts above the power supply voltages with no damage to 
the analog switches. 




FIGURE 4: Settling & Common-Mode Effects - MPC4D. 


The CMR of the MPC4D and Burr-Brown’s model 3660 
Instrumentation Amplifier is 1 20 dB at DC to 1 Hz with a 
6 dB/ octave rolloff to 70 dB at 1000 Hz. This 
measurement of CMR is shown in Figure 8 and is made 
with a Burr-Brown model 3660 Instrumentation 
Amplifier connected for a gain of 1000 and with source 
unbalance of lkfl and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance 

AC CMR rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to ground. Larger capacitances will 
limit CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode 
capacitances and unbalance of signal lines and 
multiplexer to amplifier wiring must be minimized. Use 
twisted-shielded pair signal lines wherever possible. 
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FIGURE 7. CMR vs frequency for 
Model 3660 I A and MPC4D (G = 100Q). 


Frequency (Hz) 

FIGURE 8. Combined CMR vs 
frequency for Model 3670 IA 
(G = 1000) and MPC4D. 



Temperature (°C) 

FIGURE 9. Leakage current 
vs temperature. 
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OPERATION & INSTALLATION INSTRUCTIONS 


The ENABLE input, pin 2, is included for expansion of 
the number of channels on a single node as illustrated in 
Figure 12. With ENABLE line at a logic 1, the channel is 
selected by the 2 bit (MPC4D) or 3 bit (MPC8S) Channel 
Select Address (see the Truth Tables on page 5-136) If 
ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Address Lines are active. If the ENABLE 
line is not to be used, simply tie it to +V supply. 

If the -I- 1 5 volt and / or - 1 5 volt supply voltage is absent or 
shorted to ground, the MPC4D and MPC8S 
multiplexers will not be damaged; however, some signal 
feedthrough to the output will occur. Total package 
power dissipation must not be exceeded (see Footnote 1, 
page 5-137). 

For best settling speed, the input wiring and 
interconnections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL, open collector output with 
pull-up resistors are recommended. See Figure 10 (access 
time). 

To preserve common-mode rejection of the MPC4D, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as closely as possible to system analog 
common or to the common-mode guard driver. 

CHANNEL EXPANSION 

SINGLE-ENDED MULTIPLEXER (MPC8S) 

Up to 32 channels (4 multiplexers) can be connected to a 
single node, or up to 64 channels using 9 MPC8S 
multiplexers on a two-tiered structure as shown in Figure 
12 and 13. 

DIFFERENTIAL MULTIPLEXER (MPC4D) 

Single or multi-tiered configurations can be used to 
expand multiplexer channel capacity up to 32 channels 
using a 32 x I or 16 channels using a 4 x 4 configuration. 

SINGLE NODE EXPANSION 

The 32 x 1 configuration is simply eight MPC4D units 
tied to a single node. Programming is accomplished with 
a 5 bit counter, using the 2 LSB’s of the counter to control 
Channel Address inputs A 0 and Ai and the 3 MSB’s of the 
counter to drive a 1 of 8 decoder. The 1 of 8 decoder then 
is used to drive the ENABLE inputs (pin 2) of the 
MPC4D multiplexers. 

TWO TIER EXPANSION 

U sing a 4 x 4 2-tier structure for expansion to 1 6 channels, 
the programming is simplified A 4-bit counter output 
does not require a 1 of 8 decoder. The 2 LSB’s of the 
counter drive the Ao and Ai inputs of the four first tier 
multiplexers and the 2 MSB’s of the counter are applied 
to the Ao and Ai inputs of the second tier multiplexer. 


Single vs. Multi-Tiered Channel Expansion 
In addition to reducing programming complexity, two- 
tier configuration offers the added advantages over single 
node expansion of reduced OFF channel current leakage 
(reduced OFFSET), better CMR, and a more reliable 
configuration if a channel should fail in the ON condition 
(short). Should a channel fail ON in the single node 
configuration, data cannot be taken from any channel, 
where as only one channel group is failed (4 or 8) in the 
multi-tiered configuration. 



Four MPC4D units in parallel: 12 ms 


FIGURE 12. 32 Channel, Single-Tier Expansion. 
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CMOS ANALOG MULTIPLEXERS 


FEATURES 

• LOW POWER CONSUMPTION 

CMOS analog switches 
15mW at 100kHz 
7.5mW standby power 

• COMPACT DESIGN 

Self-contained with internal channel address decoder 
8-channel dual (MPC8D) for differential inputs or 
16-channel (MPC16S) for single-ended inputs 
28-pin 0.600 inch-wide space-saving package 

• WILL NOT SHORT SIGNAL SOURCES 

Break-before-make switching 

• FAST SWITCHING SPEEDS PROVIDE HIGH 
THROUGHPUT RATES 

7psec settling to 0.01% 

3psec settling to 0.1% 

• WIDE SUPPLY RANGE 

±7VDC to ±20VDC 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRCORP - Telex: 66-6491 

PDS-315 
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DESCRIPTION 

The MPC16S is single-ended monolithic 16 channel analog 
multiplexer and the MPC8D is a monolithic dual 8 channel 
analog multiplexer constructed with failure protected 
CMOS devices. Transfer accuracies of better than 0.01% can 
be achieved at sampling rates up to 200 kHz from signal 
sources of up to + 10 volts amplitude. 


High quality processing is employed to produce CMOS FET 
analog channel switches which have low leakage current, 
high OFF resistance, low feedthrough capacitance and fast 
settling time. 

These devices are housed in compact 28 pin dual-in-line 
packages, and are specified for operation over a 0°C to 
+75°C temperature range. They are pin and package com- 
patible with the. 506/507 series. 


These DTL/TTL/CMOS compatible devices feature self- 
contained binary channel address decoding. An ENABLE 
line is also made available which allows the user to individ- 
ually enable a 1 6 channel group (MPC 1 6S) or an 8 channel 
group (MPC8D) facilitating channel expansion in either 
single-node or multi-tiered matrix configurations. 


Digital and analog inputs are failure protected from either 
overvoltages that exceed the power supplies or from the 
loss of power. 
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MPC16S PIN DIAGRAM 
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TRUTH TABLE-MPC16S 
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MPC8D PIN DIAGRAM 
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ELECTRICAL SPECIFICATIONS 


Typical for following conditions: 

V + = +15 V, V- = -15 V, R source ^ 1000 £1, T^ = 25°C unless otherwise noted. 

MODELS 

MPC16S MPC8D 

Units 

INPUT 



ANALOG INPUT 



Voltage Range 

±15 

V 

Maximum Overvoltage 

+ V supply +20 

V 


-V supply -20 

V 

Current at Maximum Overvoltage 


per Channel (1) 

±18 

mA 

Number of Input Channels 

Single-Ended 

16 


Differential 

8 


Reference Voltage Ranged 1 

+6 to +10 

V 

ON Characteristics 

ON Resistance (Ron) 



Typical 

1.3 

kn 

Maximum 

1.8 

kft 

Ron Drift vs. Temperature 



(0°C to +75°C) 

0.25 

| 

%/°c 

Ron Mismatch 

Channel-to-channel 

50 50 

n 

Differential 

N/A 1 50 

n 

Input Leakage (II) 

1.0 

nA 

Input Leakage Drift 

See Figure 9 


OFF Characteristics 


OFF Resistance 

10 11 

n 

Output Leakage 

(all channels disabled) 

0.2 

nA 

Input Leakage 

0.02 

nA 

Leakage Drift 

See Figure 9 


Output Leakage with Input 

Overvoltage 


of +35 V 

1 

nA 

of -35 V 

1 

' mA 

DIGITAL INPUTS 



Logic “0”(Vj )HH3) 

-V supply < Vl < 0.8 (a 1 nA 

V 

Logic ‘‘r’(Vn 1 )H)(3) i 

+4 < V H < +V SU p p |y @ 1 nA 

4 bit binary i 3 bit binary 
code - one of code - one of 
sixteen 1 eight 

V 

Channel Select 


Enable 

Logic “0”(low) disables all channels. 


Logic “1 ” (high) enables chann 
turn on selected channel. 

si select to 

POWER REQUIREMENTS 



Rated Power Supply Voltages 

±15 

V 

Supply Range 



+ Supply 

+7 to +20 

V 

- Supply 

-7 to -20 

V 

Supply Drain 



At 1 MHz Switching Speed 

+4. -2 

mA 

At 100 kHz Switching Speed 

±0.5 

mA 

Typical Power Consumption 



DC to 10 kHz 

7.5 

mW 

DYNAMIC CHARACTERISTICS 

1 


Gain Error (20 Mft load) maximum 

0.01 

% 

Crosstalk 

0.005 

% of OFF 
channel signal 

Settling Time(S) 


To 2 mV (0.01%) 

7 

MS 

To 20 mV (0.10%) 

3 

MS 

Common-Mode Rejection (minimum) 

N/A 1 120 

dB 

Switching Time 

1 


Turn ON 

0.5 

MS 

Turn OFF 

0.3 

Ms 

Recovery Time from Input Overvoltage 
Pulse of 35 V for 100 /usee 


To 0.01% 

150 

MS 

To 0.10% 

15 

MS 

OUTPUT 



Voltage Range 

±15 

V 

Capacitance to Ground 

50 I 30< 6 ) 

pF 

Capacitance Mismatch 

N/A 1 ±10 

% 

TEMPERATURE 

0 to +75 


Specification 

°C 

Storage 

-65 to +150 

°C 


MECHANICAL 

SPECIFICATIONS 


28 15 

nnnnnnnnnnnnnn 


} 


UUULjUUUUUuuuuu 

1 14 

■ 37,3mm 

5.59mm 

' (1.47") . * 

(0.22") 
I. . 


i 


-j L. nr 

■ I 1 2.5mm 3.18mm 



NOTES: 

1. Total power dissipation due to input 
; overvoltage current flowing in the input 

protection circuitry must be limited to 
one watt for both (a) normal operation 
with power supplies turned on or (b) 
during a fault condition when the sup- 
plies are shorted to ground. 

2. Re f ere n ce voltage controls noise im- 
munity level. Normally not used (pin 13 
left open). 

3. Maximum overvoltage is ±V SU ppiy ±4 
volts @ ±15 mA. Logic levels specified are 
for VR£F(pin 13) ppen. For Vrrf = +10 
V,VHMIN = +6V. 

4. 20 volt peak-peak 1000 Hz sine wave; 
^source = 1000 O, same signal on all 
unused channels. 

5. For 20 volts between switched channels, 
Rsource = 1000 S2. See Figure 5 for set- 
tling time vs. source impedance (R s ). 

6. From each side of MPC8D to ground. 

7. Leakage measurement made with all OFF 
channel inputs fed in parallel to +20 
volts. 
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DISCUSSION OF 
PEFORMANCE 

STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (Ron)> the load impedance, the 
source impedance, the load bias current and the multiplexer 
leakage current. 

SINGLE-ENDED MULTIPLEXER STATIC ACCURACY 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 

DC offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading Errors 


The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 

• Keep loading impedance as high as possible. This mini- 
mizes the resistive loading effects of the source resis- 
tance and multiplexer ON resistance. As a guideline, load 
impedances of 10^ ohms or greater will keep resistive 
loading errors to 0.002% or less for 1000 ohm source 
impedances. A 1()6 ohm load impedance will increase 
source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 1000 
ohm source resistance will present less than 0.001% load- 
ing error and 1 0,000 ohm source resistance will increase 
source loading error to 0.01% with a 10^ ohm load 
impedance. 


Input resistive loading errors are determined by the follow- 
ing relationship: (see Figure 1) 


Source and Multiplexer Resistive Loading Error 


e (R s + r on) 


R s + r ON 
R S + r on + r l 


x 100% where R s — R source 

Rl = load resistance 
Rqn = multiplexer ON 
resistance. 


INPUT OFFSET VOLTAGE 

Bias current generates an input OFFSET voltage as a result 
of the Ir drop across the multiplexer ON resistance and 
source resistance. A load bias current of 10 nanoamperes 
will generate an offset voltage of 20juVolts if a 1 000 ohm 
source is used, and 200jU Volts if a 10,000 ohm source is 
used. In general, for the MPC16S, the OFFSET voltage at 
the output is determined by: 

VOFFSET = 0b + IL) (RON + RSOURCE) 
where lb = Bias current of device multiplexer is driving 
IL = Multiplexer leakage current 
RON = Multiplexer ON resistance 
RSOURCE ~ Source resistance 


DIFFERENTIAL MULTIPLEXER STATIC ACCURACY 

Static accuracy errors in a differential multiplexer are dif- 
ficult to control, especially when it is used for multiplexing 
low-level signals with full scale ranges of 10 to 100 millivolts. 

The matching properties of the multiplexer, source and out- 
put load play a very important part in determining the 
transfer accuracy of the multiplexer. The source impedance 
unbalance, common-mode impedance, load bias current 


mismatch, load differential impedance mismatch, and com- 
mon-mode impedance of the load all contribute errors to 
the multiplexer. The multiplexer ON resistance mismatch, 
leakage current mismatch and ON resistance also contribute 
to differential errors. 

Referring to Figure 2, the effects of these errors can be mini- 
mized by following the general guidelines described in this 
section, especially for low level multiplexing applications. 

LOAD (OUTPUT DEVICE) CHARACTERISTICS 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low level signals less 
than 50 mV FS§.. Low bias current bipolar input ampli- 
fiers are acceptable for signal ranges higher than 50 mV 
FSR. Bias current matching will determine the input off- 
set. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the multi- 
plexer and driven load. System CMR will be less than the 
device which has the lower CMR figure. 

• Load impedances, differential and common- mode, 
should be 1()10 ohms or higher. 


SOURCE CHARACTERISTICS 

• The source impedance unbalance will produce offset, 
common- mode and channel-to-channel gain-scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the MPC8D is used for multiplexing high-level signals of 1 
volt to 1 0 volts full scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical 
as for low-level signal applications. 




FIGURE 1: MPC16S Static Accuracy Equivalent Circuit. 



FIGURE 2: MPC-8D Static Accuracy Equivalent Circuit. 
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SETTLING TIME 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches, the RC time constants of the source 
and the load determine the settling time of the multiplexer. 

dV 

Governed by the charge transfer relation i = C-^-, the charge 

currents transferred to both load and source by the analog 
switches are determined by the amplitude and rise time of 
the signal driving the CMOS FET switches and the gate-to- 
drain and gate-to-source junction capacitances as shown in 
Figure 3 and 4. Using this relationship, one can see that the 
amplitude of the switching transients seen at the source and 
load decrease proportionally as the capacitance of the load 
and source increase. The tradeoff for reduced switching 
transient amplitude is increased settling time. In effect, the 
amplitude of the transients seen at the source and load are: 

dVioad = 1 q dt 

where i = C 4^ of the CMOS FET switches 
dt 

C = load or source capacitance 

The source must then redistribute this charge, and the 
effect of source resistance on settling time is shown in 
Figure 5. This graph shows the settling time for a 20 volt 
step change on the input. The settling time for smaller step 
changes on the input will be less than that shown in Figure 5. 

SWITCHING TIME 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point of 
the address input signal to the 90 percent point of the 
analog signal seen at the output for a 10 volt signal change 
between channels. 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from the 
seven (MPC8D) or fifteen (MPC16S) OFF channels appear- 
ing at the multiplexer output. Crosstalk is caused by the 
voltage divider effect of the OFF channel OFF resistance 
and junction capacitances in series with the Ron an d 
RSOURCE impedances of the ON channel. Crosstalk is 
measured with a 20 volt pk-pk 1000 Hertz sine wave 
applied to all OFF channels. The crosstalk for these multi- 
plexers is shown in Figure 6. 

COMMON-MODE REJECTION (MPC8D ONLY) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) capability 
of a differentially multiplexed system. CMR is the ability of 
the multiplexer and input amplifier to reject signals that are 
common to both inputs, and to pass on only the signal 
difference to the output. For the MPC8D, protection is 
provided for common-mode signals of ±20 volts above the 
power supply voltages with no damage to the analog 
switches. 
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FIGURE 4: Settling & Common-Mode Effects- MPC-8D. 


The CMR of the MPC8D and Burr-Brown’s model 3660 
Instrumentation Amplifier is 1 10 dB at DC to lk Hz with a 6 
dB/octave rolloff to 70 dB at 1000 Hz. This measurement 
of CMR is shown in Figure 8 and is made with a Burr- 
Brown model 3660 instrumentation amplifier connected 
for a gain of 1000 and with source unbalances of 10 k, 1 
k£2 and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance mis- 
match 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance 

AC CMR rolloff is determined by the amount of common- 
mode capacitances (absolute and mismatch) from each 
signal line to ground. Larger capacitances will limit CMR at 
higher frequencies; thus, if good CMR is desired at higher 
frequencies, the common-mode capacitances and unbalance 
of signal lines and multiplexer to amplifier wiring must be 
minimized. Use twisted-shielded pair signal lines wherever 
possible. 
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Leakage Current Crosstalk (% of OFF Channel Signal) 

InA) o 


TYPICAL PERFORMANCE CURVES 



Signal Frequency (Hz) 

FIGURE 6. Crosstalk vs 
signal frequency. 



FIGURE 9. Leakage current 
vs temperature. 
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FIGURE 5. Settling time vs source 
resistance for 20 volt step change. 
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Frequency (Hz) 

FIGURE 8. Combined CMR vs. 
frequency for Model 3670 IA and 
MPC8D (G = 1000). 




FIGURE 7. CMR vs. frequency for 
Model 3660 I A and MPC8D (G = 1000). 



V H (High) Logic Level (Volts) 

FIGURE 10. Access time vs 
logic level (high). 


FIGURE 11. Normalized “ON" resistance vs. supply voltage. 
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OPERATION & INSTALLATION INSTRUCTIONS 


The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single node as illustrated in 
Figure 12. With the ENABLE line at a logic 1, the channel 
is selected by the 3 bit (MPC8D) or 4 bit (MPC16S) Chan- 
nel Select Address (see the Truth Tables on page 6-275. 
If ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Address Lines are active. If the ENABLE line 
is not to be used, simply tie it to +V supply. 

If the +15 volt and/or -15 volt supply voltage is absent or 
shorted to ground, the MPC8D and MPC16S multiplexers 
will not be damaged; however, some signal feedthrough to 
the output will occur. Total package power dissipation 
must not be exceeded (see Footnote 1, page 6-276). 

For best settling speed, the input wiring and interconnec- 
tions between multiplexer output and driven devices should 
be kept as short as possible. When driving the digital inputs 
from TTL, open collector output with pull-up resistors are 
recommended. See Figure 10 (access time). 

To preserve common-mode rejection of the MPC8D, use 
twisted-shielded pair wire for signal lines and inter-tier con- 
nections and/or multiplexer output lines. This will help 
common-mode capacitance balance and reduce stray signal 
pickup. If shields are used, all shields should be connected 
as closely as possible to system analog common or to the 
common-mode guard driver. 

CHANNEL EXPANSION 

SINGLE ENDED MULTIPLEXER (MPC16S) 

Up to 64 channels (4 multiplexers) can be connected to a 
single node, or up to 256 channels using 17 MPC16S multi- 
plexers on a two-tiered structure as shown in Figures 12 
and 13. 

DIFFERENTIAL MULTIPLEXER (MPC8D) 

Single or multi-tiered configurations can be used to expand 
multiplexer channel capacity up to 64 channels using a 64 x 
1 or 8 x 8 configuration. 

SINGLE NODE EXPANSION 

The 64 x 1 configuration is simply eight MPC8D units tied 
to a single node. Programming is accomplished with a 6 bit 
counter, using the 3 LSB’s of the counter to control Chan- 
nel Address inputs Ao, Ai and A 2 and the 3 MSB’s of the 
counter to drive an 8 or 1 decoder. The 8 of 1 decoder then 
is used to drive the ENABLE inputs (pin 18) of the MPC8D 
multiplexers. 

TWO TIER EXPANSION 

Using an 8 x 8 2-tier structure for expansion to 64 chan- 
nels, the programming is simplified. The 6 bit counter out- 
put does not require an 8 of 1 decoder. The 3 LSB’s of the 
counter drive the Ao, Aj and A 2 inputs of the eight first 
tier multiplexers and the 3 MSB’s of the counter are applied 
to the Aq, A\ and A 2 inputs of the second tier multiplexer. 


Single vs. Multi-Tiered Channel Expansion 

In addition to reducing programming complexity, two-tier 
configuration offers the added advantages over single node 
expansion of reduced OFF channel current leakage 
(reduced OFFSET), better CMR, and a more reliable con- 
figuration if a channel should fail in the ON condition 
(short). Should a channel fail ON in the single node 
configuration, data cannot be taken from any channel, 
whereas only one channel group is failed (8 or 1 6) in the 
multi-tiered configuration. 


O-ilNI 

|o4|N2 

I 0-|l N3 28 

MPC16S 

Group 1 
Chi - 16 


Multiplexer 

output 



Settling time to 0.01% for R g < 100 
—Two MPC16S units in parallel: 10 jus 
— Four MPC8D units in parallel: 12 jus 


FIGURE 12. 32 To 64 Channel, Single-Tier Expansion. 
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16-Bit Hybrid 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 

• 5 m mc SETTLING TIME Typ 

• 0.003% THD (FS Input 16 Bits) Typ 

• 0.02% THDf-ISdB. 16 Bits) Max 

• 96dB DYNAMIC RANGE 

• EIAJ STC-007-C0MPATIBLE 

• LOW COST 

• PIN-COMPATIBLE WITH DAC71-C0B-V 


DESCRIPTION 

The PCM50 is designed for PCM audio applications 
and is compatible with EIAJ STC-007 specifications. 
The PCM50 may be operated as either a 16-bit or a 
14-bit converter. It features wide dynamic range, low 
distortion, and has a very-fast settling time. 

The PCM50 contains an internal voltage reference. It 
uses state-of-the-art IC and laser-trimmed thin-film 
components. The converter combines high quality 
and high performance with low cost. 
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SPECIFICATIONS 

ELECTRICAL 

(Ta = +25°C and rated power supplies unless otherwise noted, i 


MECHANICAL 


INPUT 


DIGITAL INPUT 

Resolution 
Dynamic Range 

Logic Levels (TTL-Compatible)(i) 
Logic “1” (at +40 mA) 

Logic “0” (at -1.6m A) 


TRANSFER CHARACTERISTICS 


Gain Error<2) 

Offset Error(2) 
Differential Linearity 
Error (at major carry) 


TOTAL HARMONIC DISTORTION^) 

Vo = ±FS at 1 = 400Hz 
14-Bit Resolution 
16-Bit Resolution 
Vo = -15dB at f = 400Hz 
14-Bit Resolution 
16-Bit Resolution 
Vo = -60dB at f = 400Hz 
14-Bit Resolution 
16-Bit Resolution 

DRIFT (Over Specified Temperature Range) 
Total Bipolar Drift (includes gain, 
offset, and linearity drift) 

SETTLING TIME (To ±0.006% of FSR) 
Output: 20V Step 

1LSBStep<5) 

Slew Rate 


WARM-UP TIME 


OUTPUT 



ANALOG OUTPUT 

Ranges 

Output Current 

Output Impedance (DC) 

Short-Circuit Duration 

±10 

±m 

±5 

0.05 

Indefinite To Common 

| POWER SUPPLY 

SENSITIVITY 




+5VDC 


±0.002 


-15VDC 


±0.02 


+15VDC 


±0.002 




% of FSR/% Vs 
% of FSR/% V S 
% of FSR/% Vs 



TEMPERATURE RANGE 


Specification 

Operating (derated specs) 
Storage 




Pin numbers — 
shown for 
reference only. 
Numbers may 
not be marked 
on package. 


Note: 

Leads in true position within 0.010* 
(0.25mm) R at MMC at seating plane. 




CASE: Black Ceramic 
MATING CONNECTOR: 245MC 
WEIGHT : 8.4 grams 1 0.3 oz. ) 
HERMETICITY: Conforms to 
method 1014 condition C step 1 
(fluorocarbon) of MIL-STD-883 
(gross leak). 


NOTES: 

1 . Adding external CMOS hex buffers CD4009A will provide 1 5VDC CMOS input compatibility. The percent change in output < Vo i as logic 0 varies from 0.0V 
to +0.4V and logic 1 changes from +2.4V to +5.0V on all inputs is less than 0.006% of FSR. 

2. Adjustable to zero with external trim potentiometer. (Applies only to ±10V operation, i 

3. The measurement of total harmonic distortion is highly dependent on the characteristics of the measurement circuit. A block diagram of a measurement 
circuit is shown in Figure 3. Burr-Brown calculates THD from the measured linearity errors using equation ( 2 » in the section on "Total Harmonic Distortion”, 
and specifies that the maximum THD measured with the circuit shown in Figure 3 will be less than the limits indicated. 

4. FSR means Full Scale Range and is 20V for ±10V range and 10V for ±5V range. 

5. LSB is for 14-bit resolution. 

6. An external 10k(l ±0.1 resistor (TCR ±50ppm/°C) must be connected from pin 21 to pin 17 to obtain a ±5V output range. 
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CONNECTION DIAGRAM 



*±0.1% resistor i required only for ±5V output range i . 

THEORY OF OPERATION 

The accuracy of a D/A converter is described by the 
transfer function shown in Figure 1 . The errors in the 
D/ A converter are combinations of analog errors due to 
the linear circuitry, matching and tracking properties of 
the ladder and scaling networks, power supply rejection, 
and reference errors. In summary, these errors consist of 
initial errors including Gain, Offset, Linearity, Differ- 
ential Linearity, and Power Supply Sensitivity. Initial 
Gain and Offset errors may be adjusted to zero. Gain drift 
over temperature rotates the line (Figure 1) about the 
minus full scale point (all bits Off), and Offset drift shifts 
the line left or right over the operating temperature range. 
Total Harmonic Distortion (THD) is a measure of the 
magnitude and distribution of the Linearity Error, 



FIGURE 1. Input vs Output for an Ideal Bipolar 
D/ A Converter. 


PIN ASSIGNMENTS 


Pin 


No. 

1 

Bit 1 (MSB) 

2 

Bit 2 

3 

Bit 3 

4 

Bit 4 

5 

Bit 5 

6 

Bit 6 

7 

Bit 7 

8 

Bit 8 

9 

Bit 9 

10 

Bit 10 

11 

Bit 11 

12 

Bit 12 

13 

Bit 13 

14 

Bit 14 

15 

Bit 15 

16 

Bit 16 (LSB) 

17 

AUDIO OUT 

18 

+5VDC 

19 

-15VDC 

20 

COMMON 

21 

SUMMING JUNCTION 

22 

GAIN ADJUST 

23 

+15VDC 

24 

TEST POINT 


Differential Linearity Error, and Noise, as well as 
Quantization Error, that is useful in audio applications. 
To be useful, THD should be specified for both high level 
and low level input signals. This error is unadjustable and 
is the most meaningful indicator of D/A converter 
accuracy for audio applications. The resolution of a D/ A 
converter can be expressed in terms of Dynamic Range. 
The Dynamic Range is a measure of the ratio of the 
smallest signals the converter can produce to the full scale 
range and is usually expressed in decibels (dB). The 
theoretical dynamic range of a converter is approximately 
6 x n, where n is the number of bits of resolution, or 96d B 
for a 1 6-bit converter. The actual or useful dynamic range 
is limited by noise and linearity errors and is therefore 
somewhat less than the theoretical limit. 

DIGITAL INPUT CODES 

The PCM50 accepts complementary digital input codes 
in binary format. It may be connected by the user for 
either complementary offset binary (COB) or comple- 
mentary two’s complement (CTC) codes. See Table I. 


TABLE I. Digital Input Codes. 


| DIGITAL INPUT CODES j 


COB 

CTC* 

MSB LSB 

Complementary 

Complementary 

| 1 

Offset Binary 

Two’s Complement 

All bits ON 0000...000 

+Full Scale 

-1LSB 

Mid Scale 0111...111 

Zero 

-Full Scale 

All bits OFF 1111...111 

-Full Scale 

Zero 

1000...000 

-1LSB 

+Full Scale 


* A TTL inverter must be connected between the MSB input signal and bit 1 
(pin 1 ) to obtain CTC input code. 
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DISCUSSION OF 
SPECIFICATIONS 

The PCM50 is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for a D/A converter in audio 
applications are total harmonic distortion, drift, gain and 
offset errors, and settling-time effects on accuracy. This 
DAC is factory-trimmed and tested for all critical key 
specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±0.1% of FSR at 25°C. These errors may be 
trimmed to zero by connecting external trim potentio- 
meters as shown in Figure 5. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM50 power supply sensitivity is specified for 
±0.02% of FSR/ % V s , for - 1 5 VDC supplies and ±0.002% 
of FSR/% V s , for +5 VDC and + 15V DC supplies. 
Normally, regulated power supplies with 1% or less ripple 
are recommended for use with this DAC. See also Power 
Supply Connections paragraph in the Installation and 
Operating Instructions section. 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 2). 



FIGURE 2. Full Scale Range Settling Time vs Accuracy. 


Settling times are specified to ±0.006% of FSR; one for 
maximum full scale range changes of 20V and one for a 
1 LSB change. The 1 LSB change is measured at the major 
carry (01 11... 11 to 1000. .00), the point at which the 
worst-case settling time occurs. 

TOTAL HARMONIC DISTORTION 

The Total Harmonic Distortion (THD) is defined as the 
ratio of the square root of the sum of the squares of the 
value of the rms harmonics to the value of the rms 
fundamental and is expressed in percent or dB. A block 
diagram of the test circuit used to measure the TH D of the 
PCM50 is shown in Figure 3. A timing diagram for the 
control logic is shown in Figure 4. Tfye digital input code 
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FIGURE 3. Block Diagram of Distortion Test Circuit. 
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stored in the PROM as well as the output obtained from 
an ideal PCM50, the value of an ideal sine wave, and the 
inherent quantization error are given in Tables III and IV. 
If we assume that the error due to the test circuit is 
negligible, then the rms value of the PCM 50 error referred 
to the input can be shown to be 

= ^ [H,.(i) + E y (i)] ; ll) 

where N is the number of squares, El(0 is the linearity 
error of the PCM50 at each sampling point, and Eq(0 is 
the quantization error at each sampling point. The THD 
can then be expressed as 

v/i x [E,.(i)+Ey(i)] 2 (2) 

trms ‘ i=l 

THD = — — = = x 100% 

trms term 

This expression indicates that, in general, there is a 
correlation between the THD and the square root of the 
sum of the squares of the linearity errors at each digital 
word of interest. However, this expression does not mean 
that the worst-case linearity error of the D/ A is directly 
correlated to the THD. 

For the PCM50 the test period was chosen to be 22.7/usec 
(44.056kHz) which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 400Hz 
and the amplitude of the input signal is -1 5dB down from 
full scale. 
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FIGURE 4. Control Logic Timing for PCM50 
Distortion Test Circuit. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (1/uF 
tantalum or electrolytic recommended) should be located 
close to the PCM50. 

EXTERNAL OFFSET AND GAIN ADJUST 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio- 


meters as shown in Figure 5 and adjust as described 
below. TCR of the potentiometers should be 100ppm/°C 
or less. The 3.9MO and 270kH resistors (20% carbon or 
better) should be located close to the PCM50 to prevent 
noise pickup. If it is not convenient to use these high value 
resistors, an equivalent “T" network, as shown in Figure 
6, may be substituted in placeofthe3.9Mfl. AO.OOl/uFto 
0.0 ljuF ceramic capacitor should be connected from Gain 
Adjust (pin 22) to Common (pin 20) to prevent noise 
pickup. Refer to Figure 7 for relationship of offset and 
gain adjustments for bipolar D/ A converters. 



GAIN ADJUST 


OFFSET ADJUST 


FIGURE 5. External Offset and Gain Adjust. 




FIGU RE 7. Relationship of Offset and Gain Adjustments 
for a Bipolar D/ A Converter. 


OFFSET ADJUSTMENT 

Apply the digital input code that should produce the 
maximum negative output voltage. The PCM50 is 
internally connected for a 20V FSR range where the 
maximum negative output voltage is -10V. See Table II 
for corresponding codes and Figure 5 for offset adjust- 
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ment connections. Offset adjust should be completed 
prior to gain adjust. 

GAIN ADJUSTMENT 

Apply the digital input that should give the maximum 
positive output voltage. Adjust the gain potentiometer for 
this positive full scale voltage. See Table 11 for positive 
full scale voltages and Figure 5 for gain adjustment 
connections. 


TABLE II. Digital Input and Analog Output 
Relationships. 


DIGITAL INPUT CODE 

16-BIT 

RESOLUTION 

14-BIT 

RESOLUTION 

Complementary Bipolar 

Offset Binary COB 
±10V 



One LSB 

+305/iV 

+1.22mV 

All Bits On 00..00 

+9.99969V 

+9. 99878V 

All Bits Off 11.. 11 

-10.0000V 

-10.0000V 

±5V* 



One LSB 

+152 m V 

+610 m V 

All Bits On 00..00 

+4. 99848V 

+4. 99939V 

All Bits Off 11.. 11 

-5.0000V 

-5.0000V 


*An external lOkft ±0.1% resistor must be connected from 
pin 17 to pin 21 to obtain ±5V range (see Connection 
Diagram). 


INSTALLATION CONSIDERATIONS 

If 16-bit resolution is not required, bit 15 (pin 15) and bit 
1 6 (pin 16)should be connected to +5 V DC through a lkfl 
resistor. 

Figure 8 shows the connection diagram for a PCM 50. 
Lead and contact resistances are represented by Ri 
through R3. As long as the load resistance ( Ri.) is 
constant, Ri simply introduces a gain error that can be 
removed during initial calibration. R2 is part of Rl if the 
output voltage is sensed at Common (pin 20) and 
therefore introduces no error. If Ri. is variable, then Ri 



FIGURE 8. Output Circuit for PCM50 


should be less than Ri .min/ 2 to reduce voltage drops due 
to vyiring to less than 1 LSB. For example, if Ri.min is 5k(l, 
then Ri should be less than 0.08H. Ri. should be located as 
close as possible to the PCM50 for optimum performance. 
The PCM50 and the wiring to its connectors should be 
located to provide optimum isolation from sources of 
RF1 and EMI. The key word in elimination of RF 
radiation or pickup is loop area; therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor 
are wired close together they present a small flux-capture 
cross section for any external field. This reduces radiatior 
pickup in the circuit. 

(NOTE: It is recommended that the digital input lines of 
the PCM50 be driven from inverters or buffers of TTL 
input registers to obtain best results.) 

APPLICATIONS 

A single PCM50 can be used for both the left and right 
channel as shown in Figure 9. Note that a Sample/ Hold is 
not required. 



Table III shows the hex code loaded into the PROM’s of 
the Distortion Test Circuit, Figure 3, for 14-bit values and 
Table IV shows the hex code for 16-bit values. Values are 
for a 400Hz sine wave (- 1 5dB of full scale); all values are 
in volts. 
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TABLE III. Hex Code for 14-Bit Values (- 1 5d B Output in 20V Full Scale Range). 







0 . 0 U 0 0 0 0 
.101318 
. 20263? 
. 302734 
. 402832 
. 500488 
. 598145 
.692139 
. 784912 
. 874023 
.961914 

1 . 044922 

1. 125488 
1.202393 
1 . 275635 
1.343994 
1.408691 
1.468506 
1 . 523438 
1 . 572266 
1 .617432 
1 . 657715 
1 . 690674 
1 .719971 
1 . 743164 
1 . 760254 
1 . 771240 
1 . 777344 
1 . 777344 
1.771240 
1.760254 
1 . 743164 
1 .719971 
1 . 690674 
1.657715 
1.617432 
1 .572266 
1 . 523438 
1.468506 
1.408691 
1 . 343994 
1 . 275635 
1 . 202393 
1 . 125488 
1 . 044922 

.961914 
. 874023 
. 784912 
. 692139 
.598145 
. 500488 
.402832 
.302734 
.202637 
.101318 


0 . 008000 
. 101520 
. 202709 
. 303236 
* 402775 
. 500999 
. 597590 
. 692231 
. 784614 
. 874439 
. 961418 
1 . 845246 
1. 125673 
1.202428 
1 . 275261 
1 . 343934 
1 . 408223 
1 . 467920 
1 . 522828 
1 . 572769 
1 .617580 
1 . 6571 15 
1 . 691244 
1 .719857 
1 . 742861 
1 . 760179 
1 . 771756 
1 . 777554 
1 . 777554 
1.771756 
1 . 760179 
1 . 742861 
1 .71985.7 
1 . 691244 
1 . 657115 
1 . 617580 
1 . 572769 
1.522828 
1 . 467920 
1.408223 
1 . 343934 
1 . 275261 
1 . 202428 
1 . 125673 
1 . 045246 
. 961418 
. 874439 
. 784614 
. . 692231 
. 597590 
. 500999 
.402775 
. 303236 
.202709 
. 101.520 


QUANTIZING 
ERROR (Volts 


0 . 000000 
. 000201 
. 000072 
. 000502 
- . 000057 
.000511 
-.000555 
.000092 
-.800298 
. 000415 
-.000504 
. 800325 
.000185 
.000035 
-.000374 
-. 000060 
-.000468 
-.000586 
-. 000610 
. 000503 
. 000148 
- . 000600 
. 000570 
-.000113 
-.000303 
-.000075 
. 000516 
. 000210 
. 000210 
.000516 
-.000075 
-.00030? 
-.000113 
. 000570 
-. 000600 
. 000148 
. 000503 
- . 000610 
-.000586 
-.000468 
-. 000060 
-.000374 
. 000035 
. 000185 
. 000325 
-.000504 
. 000415 
-.000298 
. 000092 
-.000555 
. 000511 
-.000057 
. 000502 
. 000072 
. 000201 


IDEAL DAC 
OUT (Volts 


0 i 0 O 0 0 0 0 

-.101318 
-.202637 
-.302734 
-.402832 
-. 500488 
- . 598 1 45 
-. 692139 
-.784912 
- . 874023 
-.961914 
1 . 044922 
1 . 125488 
1.202393 


IDEAL SINE 
VALUE i Volts 


000000 
101520 
202709 
303236 
402775 
500999 
597590 
6 9 2 2 3 1 
784614 
874439 
961410 
045246 
1 2 5 6 7 3 
202428 


526 

393 


QUANTIZING 
ERROR (Volts i 


0 . 000000 
- . 000201 
- . 000072 
- . 00 0 5 0 2 
.000057 
". 00051 1 
.000555 
- . 000092 
.000298 
-.000415 
. 000504 
-.000325 
-. 000185 
-.800045 



6-287 


PCM50 















TABLE IV. Hex Code for 16-Bit Values (-15dB Output in 20V Full Scale Range). 


CODE# 

HEX 

CODE 

IDEAL DAC 
OUT (Volts) 

IDEAL SINE 
VALUE (Volts) 

QUANTIZING 
ERROR (Volts) 



0.000000 

0 . 000000 

0 . 000000 



. 101624 

. 101520 

-. 000104 



.202637 

.202709 

.000072 


7C1D 

. 303345 

. 303236 

-.000109 


7RB7 

. 402832 

. 402775 

-.000057 


7995 

.501099 

. 500999 

-.000099 


7859 

. 597534 

.597590 

. 000056 

8 

7723 

. 692139 

. 692231 

.000092 

9 

75F4 

.784607 

.784614 

. 000007 

J0 

7 4 C E 

.874329 

.874439 

.000110 

1 1 

73B 1 

.961304 

.961410 

.000107 

1 2 

729E 

1 . 045227 

1 . 045246 

.000019 

13 

7196 

1. 125793 

1. 125673 

-.000120 

14 

709B 

1.202393 

1.202428 

.000035 

15 

6FflC 

1.275330 

1.275261 

-.000069 

1 6 

6ECB 

1.343994 

1 . 343934 

-.000060 

17 

6DF9 

1.408081 

1.408223 

.000142 

3 8 

6 II 3 5 

1.467896 

1.467920 

.000024 

1 9 

6C8 1 

1 . 522827 

1 .522828 

. 000001 

20 

6BDB 

1 . 572876 

1.572769 

-.000107 

21 

6B4B 

1.617432 

1 .617580 

. 000148 

22 

6RC9 

1.657104 

1.657115 

.000010 

23 

6R59 

1.691284 

1.691244 

-.000040 

24 

69FB 

1.719971 

1 .719857 

-.000113 

>. Cj 

69B0 

1.742859 

1 . 742861 

.000002 

26 

6977 

1 . 760254 

1 . 760179 

-.000075 

27 

6951 

1.771851 

1 . 771756 

-.000094 

28 

693E 

1 . 777649 

1 . 777554 

-.000095 

29 

693E 

1 . 777649 

1 . 777554 

-.000095 

30 

6951 

1.771851 

1 . 771756 

-.000094 

31 

6977 

1 . 7602-54 

1 . 760179 

-.000075 

32 

69B0 

1.742859 

1.742861 

. 000002 

33 

69FB 

1.719971 

1 .719857 

-.000113 

34 

6R59 

1.691284 

1.691244 

- . 000040 

35 

6RC9 

1.657104 

1 . 657115 

. 000010 

36 

6B4B 

1.617432 

1.617580 

. 000148 

37 

6BDB 

1.572876 

1.572769 

-.000107 

38 

6C8 1 

1.522827 

1.522828 

.000001 

39 

6D35 

1.467896 

1.467920 

. 000024 

48 

6DF9 

1.408081 

1 . 408223 

. 000142 

41 

6ECB 

1 . 343994 

1 . 343934 

-.000060 

42 

6FRC 

1 . 275330 

1 . 275261 

-.000069 

43 

709B 

1 . 202393 

1 . 202428 

. 000035 

44 

7196 

1. 125793 

1 . 125673 

-.000120 

45 

729E 

1.045227 

1 . 045246 

.000019 

46 

73B 1 

. 961304 

.961410 

. 000107 

47 

74CE 

.874329 

. 874439 

. 000110 

48 

75F4 

. 784607 

.784614 

. 000007 

49 

7723 

.692139 

.692231 

. 000092 

50 

7859 

.597534 

. 597590 

. 000056 

31 

7995 

. 501099 

. 500999 

-.000099 

32 

7RD7 

. 402832 

.402775 

-.000057 

33 

7C1D 

.303345 

. 303236 

-.000109 

34 

7B67 

.202637 

.202709 

. 000072 

35 

7EB2 

. 101624 

. 101520 

-.000104 


CODE# 

HEX 

CODE 

IDEAL DAC 

OUT (Volts) 

IDEAL SINE 
VALUE (Volts) 

QUANTIZING 
ERROR (Volts) 

56 

7FFF 

0.000000 

0.000000 

0.000000 

57 

SMC 

-. 101624 

-. 101520 

.000104 

58 

8297 

-.202637 

-. 202709 

-.000072 

59 

83E 1 

-.303345 

-.303236 

. 000109 

60 

8527 

-.402832 

-.402775 

. 000057 

61 

8669 

-.501099 

-.500999 

.000099 

62 

87R5 

-.597534 

-.597590 

-.000056 

63 

88HB 

-.692139 

-. 692231 

-.000092 

64 

8R0R 

-.784607 

-.784614 

-.000007 

65 

8B30 

-.874329 

-.874439 

-.000110 

66 

8C4B 

-.961304 

-.961410 

-.000107 

67 

8B60 

-1.045227 

- 1 . 045246 

-.000019 

68 

8E68 

-1. 125793 

-1. 125673 

.000120 

69 

8F63 

-1.202393 

-1.202428 

-.00003*5 

7*0 

9052 

-1.275330 

-1.275261 

.000069 

71 

9133 

-1.343994 

-1.343934 

.000060 

72 

9205 

-1.408081 

-1 . 408223 

-.000142 

73 

92C9 

-1 . 467896 

-1.467920 

-.000024 

74 

937D 

-1.522827 

-1 . 522828 

-.000001 

75 

9421 

-1.572876 

-1.572769 

.000107 

7' 6 

94B3 

-1.617432 

-1.617580 

-.000148 

7'7 

9535 

-1.657104 

-1 . 657115 

-.000010 

7*8 

95R5 

-1.691284 

-1 . 691244 

.000040 

79 

9603 

-1.719971 

-1.719857 

.000113 

80 

964E 

-1 . 742859 

-1.742861 

-.000002 

81 

9687 

-1 . 760254 

-1 . 760179 

.000075 

82 

96RD 

-1.771851 

-1.771756 

. 000094 

83 

9 6 C 0 

-1 . 777649 

-1.777554 

.000095 

84 

96C0 

-1 . 777649 

-1.777554 

. 000095 

85 

96RH 

-1.771851 

-1.771756 

. 000094 

86 

9687 

-1.760254 

-1 . 760179 

. 000075 

87 

96 4 E 

-1.742859 

-1 . 742861 

-.000002 

88 

9603 

-1,719971 

-1 . 719857 

.000113 

89 

95R5 

-1 . 691284 

-1 . 691244 

. 000040 

90 

9535 

-1 . 657104 

-1 . 6571 15 

-. 000010 

91 

94 B 3 

-1 . 617432 

-1.617580 

-.000148 

92 

9421 

-1.572876 

-1 . 572769 

.000107 

93 

937H 

-1 . 522827 

-1 . 522828 

-.000001 

94 

92C9 

-1 . 467896 

-1.467928 

-.000024 

95 

9205 

-1 . 408081 

-1 . 408223 

-.000142 

96 

9133 

-1.343994 

-1 . 343934 

. 000060 

97 

9052 

-1.275330 

-1 . 275261 

. 000069 

98 

8F63 

-1.202393 

-1 . 202428 

-.000035 

99 

8E68 

-1. 125793 

-1 . 125673 

.000120 

3 00 

8 B 6 0 

-1.045227 

-1.045246 

-.000019 

1 01 

8C4B 

-.961304 

-.961410 

-.000107 

1 02 

8B30 

-.874329 

-.874439 

-.000110 

3 03 

8R0R 

-.784607 

-. 784614 

-.000007 

3 04 

88 BB 

-.692139 

-.692231 

-.000092 

1 05 

87R5 

-.597534 

-.597590 

-.000056 

1 06 

8669 

-.501099 

-.500999 

. 000099 

3 07 

8527 

-.402832 

-.402775 

. 000057 

3 08 

83 El 

-.303345 

-.303236 

. 000109 

3 09 

8297 

-.202637 

-.202709 

-.000072 

1 10 

SMC 

-. 101624 

-. 101520 

. 000104 
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BURR- BROWN 



PCM51JG 

DESIGNED FOR AUDIO 


ADVANCE INFORMATION 
Subject to Change 


16-Bit 

DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• 16-BIT RESOLUTION 

• 350nsec SETTLING TIME, typ (I Model) 

• 5/xsec SETTLING TIME, typ (V Model) 

• 0.006% OF FSR MAX DIFFERENTIAL LINEARITY 

ERROR (0.0025% typ) 

• 0.0025% THD (FS Input, 16 Bits), typ 

• 0.012% THD(-15dB, 16 Bits), typ 

• 96dB DYNAMIC RANGE 

• EIAJ STC-007 COMPATIBLE 

• PIN COMPATIBLE - DAC71 & PCM50 

• LOW COST 


REFERENCE 

VOLTAGE 



16-BIT LADDER 
RESISTOR NETWORK 
AND 

CURRENT SWITCHES 


DESCRIPTION 

The PCM51 is designed for PCM audio applications 
and is compatible with EIAJ STC-007 specifications. 
The PCM 51 may be operated as either a 16-bit or a 
14-bit converter. It features wide dynamic range, low 
differential linearity error, low distortion, and has a 
very-fast settling time. 

The PCM 51 contains an internal voltage reference. It 
uses state-of-the-art IC and laser-trimmed thin-film 
components. The converter combines high quality 
and high performance with low cost. 


BOTH VOLTAGE-OUTPUT (PCM51JG-V) 
AND CURRENT-OUTPUT (PCM51JG-I) 
MODELS ARE AVAILABLE. 

PCM51JG-I DOES NOT CONTAIN OUTPUT 
OPERATIONAL AMPLIFIER. 




International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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PCM51 









SPECIFICATIONS 


ELECTRICAL 

(Ta = +25°C and rated power supplies unless otherwise noted.) 


MODEL 

PCM51JG 

UNITS 

MIN 

TYP 

MAX 

INPUT 



DIGITAL INPUT 





Resolution 




Bits 

Dynamic Range 




dB 

Logic Levels (TTL-Compatible)O) 





Logic “1” at +40/iA 




VDC 

Logic “0” at -1.6mA 




VDC 

| TRANSFER CHARACTERISTICS i 

Gain Error 


±0.1 

±0.5 

% 

Bipolar Zero Error(2) 

■ . 

±10 

±100 

mV 

Differential Linearity Error 

■ ■ 




at Bipolar Zero 

h 

0.0025 

0.006 

% of FSRO) 

TOTAL HARMONIC DISTORTIONS) 

M 




Vo = ±FS at f = 400Hz 

■ 




14-Bit Resolution 


0.004 


% 

16-Bit Resolution 


0.0025 

0.005 

% 

Vo = -15dB at f = 400Hz 

■ 




14-Bit Resolution 

H 

0.023 

0.06 

% 

16-Bit Resolution 


0.012 

0.04 

% 

Vo = -20dB at f = 400Hz 





14-Bit Resolution 


0.04 


% 

16-Bit Resolution 


0.025 


% 

Vo = -60dB at f = 400Hz 





14-Bit Resolution 


4.2 


% 

16-Bit Resolution 


1.9 


% 

DRIFT (Over Specified Temperature Range) 





Total Bipolar Drift (includes gain, 





offset, and linearity drift) 

HU 


±50 

ppm of FSR/°C 

SETTLING TIME (To ±0.006% of FSR ) 

■■ 




Voltage Model, PCM51JG-V 





Output: 20V Step 




Msec 

1 LSB Step(5) 



H 

Msec 

Slew Rate 




V/mS6C 

Current Model, PCM51JG-I 





Output: 1 mA Step 



■ 


10ft to 100ft load 

■ 



nsec 

Ikft Load<6> 

■ ■ 


■ 

nsec 

■ lill II III—— 

hhki 



Min 

| OUTPUT | 

ANALOG OUTPUT 





Voltage Model, PCM51JG-V 





Ranges 


±10 


V 



±5(7) 


V 

Output Current 


±5 


mA 

Output Impedance (DC) 


0.1 


ft 

Short-Circuit Duration 

Indefinite To Common 


Current Model, PCM51JG-I 





Range 


±1 


mA 

Output Impedance 


3 


kft 

| POWER SUPPLY ! 

SENSITIVITY 





-15VDC 


±0.02 


% of FSR/% Vs 

+15VDC 


±0.002 


% of FSR/% Vs 

POWER SUPPLY REQUIRMENTS 





Voltage, Vs 

±14.5, 

±15 

±15.5 

VDC 

Supply Drain, +15VDC (no load) 


±25 


mA 

-15VDC 


-40 


mA 

| TEMPERATURE RANGE 

Specification 

0 


+70 

°C 

Operating (derated specs) 

-25 


+85 

°C 

•Storage 

-55 


+85 

°C 


MECHANICAL 


NOTE: Leads 
in true position. 
Within 0.10" 
(0.25mm) R at 
MMC at 
seating plane. 



I 

]L 

24 13H| 

; 2 

j: 

L. 


f-- £ 


3 ^= 3 - 


L 


CASE: Black Ceramic 
MATING CONNECTOR: 245MC 
WEIGHT: 8.4 grams (0.3 oz.) 
HERMETICITY: Conforms to 
method 1014 condition C step 1 
(fluorocarbon) of MIL-STD-883 
(gross leak). 


H 

eezsshh 


esqh 

eesb 

esb 

eqh 

ww 

BHHI 


]§V?Hi 

E&E9 

EHI 

HH9 

HUH 

KHBM 


EH 

hem 

HE 

HUH 

H9 

EH 

HTfH 


H3D9 

■Bl 

Hi 

HW 

H3H 

iw 

MIS B: 

iillfll 

HESEZS9R 


wm 

hbh 

HBH 

him 

HBH 

HH 

HFHB 

HES9 

f HI 

HBH 

■H 

WESSESS3M 


KH 


MSTM 

— 

HBH 

EH 

KH 

HEH 

HBH 

KSI 


NOTES: 

1 . Adding external CMOS hex buffers CD4009A will provide 15VDC CMOS 
input compatibility. The percent change in output (Vo ) as logic 0 varies 
from 0.0V to +0.4V and logic 1 changes from +2.4V to +5.0V on all inputs 
is less than 0.006% of FSR. 

2. Adjustable to zero with external trim potentiometer. 

3. FSR means Full Scale Range and is 20V for ±10V range and 10V for 
±5V range. 

4. The measurement of total harmonic distortion is highly dependent on 
the characteristics of the measurement circuit. A block diagram of a 


measurement circuit is shown in Figure 3. Burr-Brown calculates THD 
from the measured linearity errors using equation (2) in the section on 
"Total Harmonic Distortion”, and specifies that the maximum THD 
measured with the circuit shown in Figure 3 will be less than the limits 
indicated. 

5. LSB is for 14-bit resolution. 

6. Measured with an active clamp, as shown in Figure 10, to provides low 
impedance for approximately 200nsec. 

7. Connect pin 24 to pin 17 to obtain ±5V range. 
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CONNECTION DIAGRAM 


PCM51JG-I 



PIN ASSIGNMENTS 


Pin 


Pin 


No. 

PCM51JG-I 

No. 

PCM51JG-V 

1 

Bit 1 (MSB) 

1 

Bit 1 (MSB) 

2 

Bit 2 

2 

Bit 2 

3 

Bit 3 

3 

Bit 3 

4 

Bit 4 

4 

Bit 4 

5 

Bit 5 

5 

Bit 5 

6 

Bit 6 

6 

Bit 6 

7 

Bit 7 

7 

Bit 7 

8 

Bit 8 

8 

Bit 8 

9 

Bit 9 

9 

Bit 9 

10 

Bit 10 

10 

Bit 10 

11 

Bit 11 

11 

Bit 11 

12 

Bit 12 

12 

Bit 12 

13 

Bit 13 

13 

Bit 13 

14 

Bit 14 

14 

Bit 14 

15 

Bit 15 

15 

Bit 15 

16 

Bit 16 (LSB) 

16 

Bit 16 (LSB) 

17 

±10V RANGE SELECT 

17 

AUDIO OUT 

18 

NO CONNECTION 

18 

NO CONNECTION 

19 

-15VDC 

19 

-15VDC 

20 

COMMON 

20 

COMMON 

21 

•OUT 

21 

SUMMING JUNCTION 

22 

NO CONNECTION 

22 

NO CONNECTION 

23 

+15VDC 

23 

+15VDC 

24 

±5V RANGE SELECT 

24 

±5V RANGE SELECT 


THEORY OF OPERATION 

The accuracy of a D/A converter is described by the 
transfer function shown in Figure 1. The errors in the 
D/ A converter are combinations of analog errors due to 
the linear circuitry, matching and tracking properties of 
the ladder and scaling networks, power supply rejection, 
and reference errors. In summary, these errors consist of 
initial errors including Gain, Offset, Linearity, Differ- 
ential Linearity, and Power Supply Sensitivity. Initial 
Offset or Bipolar zero errors may be adjusted to zero. 
Gain drift over temperature rotates the line (Figure 1) 
about the minus full scale point (all bits Off), and Offset 
drift shifts the line left or right over the operating 
temperature range. Most of the offset and gain drift with 
temperature or time is due to the drift of the internal 
reference zener diode. The converter is designed so that 


FIGURE 1. Input vs Output for an Ideal 
Bipolar D / A Converter. 


these drifts are in opposite directions. This way the 
bipolar zero voltage is virtually unaffected by variations 
in the reference voltage. Total Harmonic Distortion 
(THD) is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
Differential Linearity Error, and Noise, as well as 
Quantization Error. To be useful, THD should be 
specified for both high level and low level input signals. 
This error is unadjustable and is the most meaningful 
indicator of D/A converter accuracy for audio appli- 
cations. The resolution of a D/A converter can be 
expressed in terms of Dynamic Range. The Dynamic 
Range is a measure of the ratio of the smallest signals the 
converter can produce to the full scale range and is 
usually expressed in decibels (dB). The theoretical 
dynamic range of a converter is approximately 6 x n, 
where n is the number of bits of resolution, or 96dB for a 
16-bit converter. The actual or useful dynamic range is 
limited by noise and linearity errors and is therefore 
somewhat less than the theoretical limit. 

DIGITAL INPUT CODES 

The PCM 51 accepts complementary digital input codes 
in binary format. It may be connected by the user for 
TABLE I. Digital Input Codes. 


| DIGITAL INPUT CODES \ 



COB 

CTC* 


MSB LSB 

Complementary 

Complementary 


I i 

Offset Binary 

Two’s Complement 

All bits ON 

0(XX)...o5o 

+Full Scale 

-1LSB 

Mid Scale 

0111... Ill 

Zero 

-Full Scale 

All bits OFF 

1111... Ill 

-Full Scale 

Zero 


1000.. .000 

-1LSB 

-Full Scale 


* A TTL inverter must be connected between the MSB input signal and bit 1 
(pin 1 ) to obtain CTC input code. 
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either complementary offset binary (COB) or comple- 
mentary two’s complement (CTC) codes. See Table I. 

DISCUSSION OF 
SPECIFICATIONS 

The PCM51 is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for a D/A converter in audio 
applications are total harmonic distortion, differential 
linearity error, bipolar zero error, parameter shifts with 
time and temperature, and settling-time effects on 
accuracy. This DAC is factory-trimmed and tested for all 
critical key specifications. 

BIPOLAR ZERO ERROR 

Initial bipolar zero error (Bit 1 “ON” and all other bits 
“OFF”) is factory-trimmed to typically ±20m V (± 1 00m V 
maximum) at +25°C. This error may be trimmed to zero 
by connecting the external trim potentiometer shown in 
Figure 6. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from 
an ideal 1 LSB change from one adjacent output state to 
the next. DLE is important in audio applications because 
excessive DLE at bipolar zero (at the “major carry”) can 
result in audible crossover distortion for low level output 
signals. Initial DLE on the PCM5 1 is factory-trimmed to 
typically ±0.0025% of FSR (±0.006% of FSR, maximum). 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a Dj A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to avoid 
undesirable periodic readjustment. The most important 
parameters are Bipolar Zero Error, Differential Linearity 
Error, and Total Harmonic Distortion. Most of the offset 
and gain drift with temperature or time is due to the drift 
of the internal reference zener diode. The PCM51 is 
designed so that these drifts are in opposite directions so 
that the bipolar zero voltage is virtually unaffected by 
variations in the reference voltage. Both DLE and THD 
are dependent upon the matching and tracking of resistor 
ratios and upon V B e and Iife of the current-source 
transistors. The PCM51 was designed so that any 
absolute shift in these components has virtually no effect 
on DLE or TH D. The resistors are made of identical links 
of ultra-stable nichrome thin-film. The current density in 
these resistors is very-low to further enhance their 
stability. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM51 power supply sensitivity is specified for 
±0.02% of FSR/ % Vs, for -1 5 VDC supplies and ±0.002% 
of FSR/ % Vs, for + 15 VDC supplies. Normally, regulated 
power supplies with 1% or less ripple are recommended 
for use with this DAC. See also Power Supply Con- 
nections paragraph in the Installation and Operating 
Instructions section. 


SETTLING TIME (PCM51JG-V) 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
2 ). 

Settling times are specified to ±0.006% of FSR; one for 
maximum full scale range changes of 20V and one for a 
1 LSB change. The 1 LSB change is measured at the major 
carry (01 11 ... 11 to 1000. ..00), the point at which the 
worst-case settling time occurs. 

SETTLING TIME (PCM51-JG-I) 

Two settling times are specified to a ±0.006% of FSR. 
Each is given for current model connected with two 
different resistive loads: 10fl to 200H and lOOOfl. 
Current-output model settling time is particularly im- 
portant if the PCM51 JG-I is going to be used to build a 
successive-approximation A/ D converter. See Figure 1 1 . 



FIGURE 2. Full Scale Range Settling Time vs Accuracy. 

TOTAL HARMONIC DISTORTION 


The Total Harmonic Distortion (THD) is defined as the 
ratio of the square root of the sum of the squares of the 
value of the rms harmonics to the value of the rms 
fundamental and is expressed in percent or dB. A block 
diagram of the test circuit used to measure the THD of 
the PCM51 is shown in Figure 3. A timing diagram for 
the control logic is shown in Figure 4. The digital input 
code stored in the PROM as well as the output obtained 
from an ideal PCM51, the value of an ideal sine wave, 
and the inherent quantization error are given in Tables 
III and IV. If we assume that the error due to the test 
circuit is negligible, then the rms value of the PCM51 
error referred to the input can be shown to be 

/ N 0) 

e, ms = V 1/N £ [El(» + E 0 (i)] 2 

i = 1 

where N is the number of squares, El(0 is the linearity 
error of the PCM 51 at each sampling point, and Eq(0 is 
the quantization error at each sampling point. The THD 
can then be expressed as (2) 

\/l/NZ.[E L (i)+E Q (i)] 2 

THD =trms/E r ms- — X 100% 

Erms 

This expression indicates that, in general, there is a 
correlation between the THD and the square root of the 
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BB 0PA103 
OB EQUIVALENT 


BB3650K 

ANALOG SWITCH OR EQUIVALENT 


SIMPLIFIED SCH EMATIC 
OF 0E6UTCHER 


rr~ 1 (MP7512 OR EQUIVALENT) I 

L-J— T — i 5pFJ±- ^ v 


'OUT 


L 


OEGLITCHER 

CONTROL 


USE 400Hz HIGH-PASS 
FILTER AND 30kHz 
LOW-PASS FILTER. 


DISTORTION HP 339A OR 
METER EQUIVALENT 



FIGURE 3. Block Diagram of Distortion Test Circuit. 


B: LATCH ENABLE fl 

n 

n_ 

C: OEGLITCHER^] *T 500n,#C 

CONTROL JjJ | 

— 1 r- 2.5 /jMC 




a: uluuk 

Fg = 44.060kHz 




L 







FIGURE 4. Control Logic Timing for PCM51 
Distortion Test Circuit. 



sum of the squares of the linearity errors at each digital 
word of interest. However, this expression does riot mean 
that the worst-case linearity error of the D/ A is directly 
correlated to the THD. 

For the PCM51 the test period was chosen to be22.7/*sec 
(44.056kHz) which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 400Hz 
and the amplitude of the input signal is -15dBdown from 
full scale. 

Figure 5 shows the typical THD as a function of output 
voltage. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors ( l>u F 
tantalum or electrolytic recommended) should be located 
close to the PCM51. 

EXTERNAL BIPOLAR ZERO ADJUST (OPTIONAL) 

In some applications the bipolar zero error may require 
adjustment. This error may be adjusted to zero by 
installing an external potentiometer as shown in Figure 6. 



J.5Mn 

\ 

> +v s 

lOkn 

BIPOLAR 

— < 

l 

u 

iu 

100k n 

Ltnu 

ADJUST 


FIGURE 6. Optional External Bipolar Zero Adjust. 
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The TCR of the potentiometer should be 100ppm/°C or 
less. The 1 .5MH resistor (20% carbon or better) should be 
located close to the PCM51 to prevent noise pickup. 
'Refer to Figure 7 for the relationship of bipolar zero 
adjust on the D / A converter transfer function. 



FIGURE 7. Affect of Offset Adjustment on a Bipolar 
D/ A Converter Transfer Function. 


ADJUSTMENT PROCEDURE 

Apply the digital input code that should produce zero 
volts output (bit 1 or MSB “ON” and all other bits 
“OFF”). Adjust the offset potentiometer until zero volts 
is obtained. 

Table II shows the ideal plus and minus full scale voltages 
and LSB values for both 14- and 16-bit resolution and 
±10V, ±5V, and ±lmA output ranges. 

TABLE II. Digital Input and Analog Output 


Relationships. 




OUTPUT CODE 

1 


VOLTAGE 

CURRENT | 

DIGITAL INPUT CODE 

16-BH 

RMOlution 

14-Bit 

Resolution 

16-Bit 

Resolution 

14-Bit 

Resolution 

Complementary Bipolar 
Offset Binary COB 
±10V or ±1mA 





One LSB 

+305*iV 

+1.22mV 

0.031mA 

0.122mA 

All Bits On 1 00. 00 ■ 

+9. 99969V 

+9. 99878V 

-0.99997mA 

-0.99988mA 

All Bits Off ill. .11 > 

-10.0000V 

-10.0000V 

+1 .0000mA 

■M 0000mA 

±5V or ±1mA* 





One LSB 

+152mV 

+610*iV 

0.031 mA 

0.122mA 

All Bits On 1 00. 00 1 

+4. 99648V 

+4. 99939V 

-0.99997mA 

-0.99988mA 

All Bits Off ill.. 11 

-5.0000V 

-5.0000V 

+1 0000mA 

+1 ,0000mA 


*Connect pin 24 to pin 17 to obtain ±5V Range. 

INSTALLATION CONSIDERATIONS 

If 16-bit resolution is not required, bit 15 (pin 15) and bit 
16 (pin 16) should be connected to +5VDC through a 
1 kfl resistor. 

Figure 8 shows the connection diagram for a PCM51. 
Lead and contact resistances are represented by Ri 
through R 3 . As long as the load resistance (Rl) is 
constant, Ri simply introduces a gain error. R2 is part of 
Rl if the output voltage is sensed at Common (pin 20) and 
therefore introduces no error. If Rl is variable, then Ri 
should be less than RLmin/ 2 16 to reduce voltage drops due 
to wiring to less than 1 LSB. For example, if RLmin is 5kH, 
then Ri should be less than 0.08H. Rl should be located 
as close as possible to the PCM51 for optimum performance. 



FIGU RE 8. Output Circuit for PCM5 1 JG-V. 


The PCM51 and the wiring to its connectors should be 
located to provide optimum isolation from sources of 
RFI and EMI. The key word in elimination of RF 
radiation or pickup is loop area; therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor 
are wired close together they present a small flux-capture 
cross section for any external field. This reduces radiation 
pickup in the circuit. 

See Figure 9 for the connection diagram of a PCM5 1 JG-I 
current-to-voltage converter. Ri through R4 represent 
lead and contact resistances. 



FIGURE 9. Preferred External Op Amp 

Configuration for PCM51JG-I 


APPLICATIONS 

A single PCM51 can be used for both the left and right 
channel as shown in Figure 10. Note that a Sample/ Hold 
is not required. 
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FIGURE 1 1. A/D Converter Using PCM5IJG-I. 
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Table III shows the hex code loaded into the PROM’s of are for a 400Hz sine wave (-15dB of full scale); all values 

the Distortion Test Circuit, Figure 3, for 14-bit values are in volts, 

and Table IV shows the hex code for 1 6-bit values. Values 


TABLE III. Hex Code for 14-Bit Values (-15dB Output in 20V Full Scale Range). 


CODE# 

HEX 

CODE 

IDEAL DAC 

OUT (Volt*) 

IDEAL SINE 
VALUE (Volts) 

QUANTIZING 
ERROR (Volts) 

56 

7FFF 

0.000000 

0.000000 

0.000000 

57 

814B 

-. 101318 

“. 101520 

-.000201 

58 

8297 

-.202637 

-.202709 

-.000072 

59 

83DF 

-.302734 

-.303236 

-.000502 

60 

8527 

-.402832 

-.402775 

.000057 

61 

8667 

-.500488 

-.500999 

-.000511 

62 

87R7 

-.598145 

-.597590 

.000555 

63 

88DB 

-.692139 

-.692231 

-.000092 

64 

8R0B 

-.784912 

-.784614 

.000298 

65 

8B2F 

-.874023 

-.874439 

-.000415 

66 

8C4F 

-.961914 

-.961410 

.000504 

67 

8D5F 

-1.044922 

-1.045246 

-.000325 

68 

8E67 

-1. 125488 

-1. 125673 

-.000185 

69 

8F63 

-1.202393 

-1.202428 

-.0000^5 

70 

9053 

-1.275635 

-1.275261 

. 000374 

71 

9133 

-1.343994 

-1.343934 

.000060 

72 

9207 

-1.408691 

-1.408223 

.000468 

73 

92CB 

-1.468506 

-1.467920 

.000586 

74 

937F 

-1.523438 

-1.522828 

.000610 

75 

94 IF 

-1.572266 

-1.572769 

-.000503 

76 

94 B3 

-1.617432 

-1.617580 

-.000148 

77 

9537 

-1.657715 

-1.657115 

.000600 

78 

95R3 

-1.690674 

-1.691244 

-.000570 

79 

9603 

-1.719971 

-1.719857 

.000113 

80 

964F 

-1.743164 

-1.742861 

.000303 

81 

9687 

-1.760254 

-1.760179 

.000075 

82 

96RB 

-1.771240 

-1.77175 6 

-.000516 

83 

96BF 

-1 . 777344 

-1.777554 

-.000210 

84 

96BF 

-1.777344 

-1.777554 

-.000210 

85 

96RB 

-1.771240 

-1.771756 

-.000516 

86 

9687 

-1.760254 

-1.760179 

.000075 

87 

964F 

-1 . 743164 

-1.742861 

.000303 

88 

9603 

-1.719971 

-1.719857 

.000113 

89 

95R3 

-1.690674 

-1.691244 

-.000570 

80 

9537 

-1.657715 

-1,657115 

. 000600 

81 

94B3 

-1.617432 

-1 . 617580 

-.000148 

82 

94 1 F 

-1.572266 

-1.572769 

-.000503 

83 

937F 

-1.523438 

-1.522828 

.000610 

84 

92CB 

-1.468506 

-1.467920 

.000586 

85 

9207 

-1.408691 

-1.408223 

. 000468 

86 

9133 

-1.343994 

-1 . 343934 

.000060 

87 

9053 

-1.275635 

-1.275261 

.000374 

88 

8F63 

-1.202393 

-1 . 202428 

-.000035 

89 

8E67 

-1. 125488 

-1 . 125673 

-.000185 

1 00 

8B5F 

-1 . 044922 

-1.045246 

-.000325 

J 01 

8C4F 

-.961914 

-.961410 

. 000504 

1 02 

8B2F 

-.874023 

-.874439 

-.000415 

1 03 

8R0B 

-.784912 

-.784614 

. 000298 


88DB 

-.692139 

-.692231 

-.000092 

mE i 

87R7 

-.598145 

-.597590 

. 000555 


8667 

-.500438 

-.500999 

-.000511 


8527 

-.402832 

-.402775 

.000057 



-.302734 

-.303236 

-.000502 


8297 

-.202637 

-.202709 

-.000072 


814B 

-. 101318 

, . 

-. 101520 

-.000201 


CODE# 

HEX 

CODE 

IDEAL DAC 
OUT (Volts) 

IDEAL SINE 
VALUE (Volts) 

QUANTIZING 
ERROR (Volts) 

1 

7FFF 

0.000000 

0.000000 

0.000000 

2 

7EB3 

. 101318 

. 101520 

.000201 

3 

7D67 

.202637 

.202709 

.000072 

4 

7C1F 

. 302734 

.303236 

.000502 

5 

7RD7 

.402832 

.402775 

4.000057 

6 

7997 

.500488 

.500999 

.000511 

7 

7857 

.598145 

. 597590 

4.000555 

8 

7723 

.692139 

.692231 

.000092 

9 

75F3 

.784912 

.784614 

-.000298 

10 

74CF 

.874023 

.874439 

.000415 

1 1 

73RF 

.961914 

.961410 

-.000504 

12 

729F 

1.044922 

1 . 045246 

.000325 

13 

7197 

1. 125488 

1. 125673 

.000185 

14 

709B 

1.202393 

1.202428 

.000035 

1 5 

6FRB 

1.275635 

1.275261 

-.000374 

1 6 

6ECB 

1.343994 

1.343934 

-.000060 

1 7 

6DF7 

1.408691 

1.408223 

-.000468 

18 

6D33 

1.468506 

1.467920 

-* . 000586 

19 

6C7F 

1.523438 

1.522828 

-.000610 

20 

6BDF 

1.572266 

1.572769 

.000503 

21 

6B4B 

1.617432 

1.617580 

.000148 

22 

6RC7 

1.657715 

1.657115 

^.000600 

23 

6R5B 

1.690674 

1.691244 

.000570 

24 

69FB 

1.719971 

1.719857 

-.000113 

25 

69RF 

1.743164 

1.742861 

-.000303 

26 

6977 

1.760254 

1.760179 

-.000075 

27. 

6953 

1.771240 

1 . 771756 

. 000516 

28 

693F 

1.777344 

1.777554 

.000210 

29 

693F 

1.777344 

1 . 777554 

. 000210 

30 

6953 

1.771240 

1 . 771756 

.000516 

31 

6977 

1.760254 

1.760179 

-.000075 

32 

69RF 

1.743164 

1 . 742861 

-.00030? 

33 

69FB 

1.719971 

1.719857 

-.000113 

34 

6R5B 

1 . 690674 

1.691244 

.000570 

35 

6RC7 

1.657715 

1.657115 

-.000600 

36 

6B4B 

1.617432 

1.617580 

. 000148 

37 

6BDF 

1.572266 

1.572769 

. 000503 

38 

6C7F 

1.523438 

1.522828 

-.000610 

39 

6D33 

1.468506 

1.467920 

-.000586 

40 

6DF7 

1 . 408691 

1.408223 

-.000468 

41 

6ECB 

1 . 343994 

1.343934 

-.000060 

42 

6FRB 

1.275635 

1.275261 

-.000374 

43 

709B 

1 . 202393 

1 . 202428 

. 000035 

44 

7197 

1 . 125488 

1 . 125673 

. 000185 

45 

729F 

1.044922 

1.045246 

. 000325 

46 

73RF 

.961914 

.961410 

-.000504 

47 

7 4 C F 

.874023 

. 874439 

.000415 

48 

75F3 

. 784912 

. 784614 

-.000298 

49 

7723 

.692139 

.692231 

. 000092 

50 

7857 

.598145 

.597590 

4.000555 

51 

7997 

.500488 

. 500999 

.000511 

52 

7RB7 

. 402832 

.402775 

4.000057 

53 

7C1F 

.'302734 

. 303236 

. 000502 

54 

7D67 

.202637 

.202709 

.000072 

55 

7EB3 

.101318 

. 101520 

.000201 
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TABLE IV. Hex Code for 16-Bit Values (- 1 5d B Output in 20V Full Scale Range). 


CODE# 

HEX 

CODE 

IDEAL DAC 
OUT (Volts) 

IDEAL SINE 
VALUE (Volts) 

QUANTIZING 
ERROR (Volts) 

1 

7FFF 

0.000000 

0.000000 

0.000000 

2 

7EB2 

. 101624 

. 101520 

“.000104 

3 

7D67 

.202637 

.202709 

. 000072 

4 

7C1D 

.303345 

.303236 

-.000109 

5 

7RD7 

.402832 

.402775 

-.000057 

6 

7995 

. 501099 

.500999 

-.000099 

7 

78 59 

. 597534 

. 597590 

. 000056 

8 

7723 

.692139 

.692231 

'.000092 

9 

75F4 

.784607 

. 784614 

.000007 

10 

74CE 

. 874329 

.874439 

.000110 

1 1 

73B 1 

. 961304 

. 961410 

. 000107 

J 2 

729E 

1.045227 

1.045246 

.000019 

13 

7196 

1. 125793 

1 . 125673 

-.000120 


709B 

1.202393 

1.202428 

.000035 

BH 

6FRC 

1.275330 

1.275261 

-.000069 

■9 

6ECB 

1.343994 

1.343934 

-.000060 

■u 

wms£M 

1.408081 

1.408223 

.000142 

1 8 

6D35 

1.467896 

1 . 467920 

.000024 

3 9 

6C8 1 

1.522827 

1 . 522828 

. 000001 

20 

6BDD 

1.572876 

1.572769 

-.000107 

21 

6B4B 

1.617432 

1 .617580 

. 000148 

22 

6RC9 

1.657104 

1.657115 

.000010 

23 

6R59 

1.691284 

1 . 691244 

-.000040 

24 

69FB 

1 .719971 

1 .719857 

-.000113 

25 

69B0 

1 . 742859 

1 . 742861 

. 000002 

26 

6977 

1 . 760254 

1 . 760179 

-.000075 

27 

6951 

1 . 771851 

1 . 771756 

-.000094 

c! 3 

693E 

1.777649 

1.777554 

-.000095 

29 

693E 

1.777649 

1.777554 

-.000095 

30 

6951 

1.771351 

1.771756 

-.000094 

31 

6977 

1.7602-54 

1 . 760179 

-.000075 

32 

69B0 

1 . 742859 

1.742861 

. 000002 

33 

69FB 

1 .719971 

1 .719857 

-.000113 

34 

6R59 

1 . 691284 

1.691244 

-.000040 

35 

6RC9 

1 . 657104 

1 . 657115 

. 000010 

36 

6B4B 

1.617432 

1.617580 

.000148 

37 

6BBD 

1 . 572376 

1.572769 

-.000107 

38 

6C81 

1 . 522327 

1.522828 

.000001 

39 


1 . 467396 

1.467920 

.000024 

40 

6DF9 

1.408981 

1 . 408223 

. 000142 

41 

6ECB 

1.343994 

1.343934 

-.000060 

42 

6FRC 

1.275330 

1.275261 

-.000069 

43 

709B 

1.202393 

1.202428 

.000035 

44 

7196 

1 . 125793 

1. 125673 

-.000120 

45 

729E 

1.045227 

1.045246 

. 000019 

46 

73B 1 

.961304 

. 961410 

. 000107 

47 

74CE 

.874329 

. 874439 

. 000110 

48 

75F 4 

.784607 

.784614 

. 000007 

49 

7723 

. 692139 

.692231 

. 000092 

>50 

7859 

.597534 

. 597590 

. 000056 

51 

7995 

.501099 

. 500999 

-.000099 

52 

7RD7 

. 402832 

.402775 

-.000057 

53 1 

7C1D 

.303345 

.303236 

-.000109 

54 

7D67 

. 202637 

. 202709 

.000072 

55 

7EB2 

. 101624 

. 101520 

-.000104 


CODE# 

HEX 

CODE 

IDEAL DAC 

OUT (Volts) 

IDEAL SINE 
VALUE (Volts) 

QUANTIZING 
ERROR (Volts) 

56 

7FFF 

0.000000 

0.000000 

0.000000 

57 

814C 

-. 101624 

-. 101520 

.000104 

58 

8297 

-.202637 

-.202709 

-.000072 

59 

83E 1 

-.303345 

-.303236 

.000109 

60 

8527 

-.402832 

-.402775 

.000057 

61 

8669 

-.501099 

-.500999 

.000099 

62 

87R5 

-.597534 

-.597590 

-.000056 

63 

88DB 

-.692139 

-.692231 

-.000092 

64 

8R0R 

-. 784607 

-.784614 

-.000007 

65 

8B30 

-.874329 

-.874439 

-.000110 

66 

8C4D 

-.961304 

-.961410 

-.000107 

67 

8D60 

-1.045227 

-1.045246 

-.000019 

68 

8E68 

-1.125793 

-1. 125673 

.000120 

69 

8F63 

-1.202393 

-1.202428 

-.000035 

70 

9052 

-1.275330 

-1.275261 

.000069 

71 

9133 

-1 . 343994 

-1 . 343934 

.000060 

72 

9205 

-1.408081 

-1.408223 

-.000142 

73 

92C9 

-1.467896 

-1.467920 

-.000024 

74 

937D 

-1 . 522827 

-1.522828 

-.000001 

75 

9421 

-1.572876 

-1.572769 

.000107 

76 

94B3 

-1.617432 

-1.617580 

-.000148 

r'7 

9535 

-1.657104 

-1.657115 

-.000010 

78 

95R5 

-1.691284 

-1.691244 

.000040 

79 

9603 

-1.719971 

-1.719857 

.000113 

80 

964E 

-1.742859 

-1 . 742861 

-.000002 

81 

9687 

-1.760254 

-1.760179 

. 000075 

82 

96RD 

-1.771851 

-1 . 771756 

.000094 

83 

96C0 

-1 . 777649 

-1.777554 

.000095 

84 

96C0 

-1.777649 

-1.777554 

.000095 

85 

96RD 

-1 . 771851 

-1 . 771756 

.000094 

86 

9687 

-1.760254 

-1.760179 

.000075 

87 

964E 

-1.742859 

-1.742861 

-.000002 

88 

9603 

-1.719971 

-1.719857 

. 000113 

89 

95R5 

-1.691284 

-1.691244 

.000040 

90 

9535 

-1.657104 

-1 . 6571 15 

-.000010 

91 

94B3 

-1.617432 

-1.617580 

-.000148 

92 

9421 

-1.572876 

-1 . 572769 

.000107 

93 

937D 

-1 . 522827 

-1 . 522828 

-.000001 

94 

92C9 

-1.467396 

-1 . 467920 

-.000024 

95 

9205 

-1 . 408081 

-1 . 408223 

-.000142 

96 

9133 

-1.343994 

-1 . 343934 

. 080060 

97 

9052 

-1.275330 

-1.275261 

.000069 

98 

8F63 

-1.202393 

-1.202428 

-.000035 

99 

8E68 

-f. 125793 

-1 . 125673 

.000120 

1 00 

8D60 

-1.045227 

-1.045246 

-.000019 

101 

8C4D 

-.961304 

-.961410 

-.000107 

1 02 

8B30 

-.874329 

-.874439 

-.000110 

1 03 

8R0R 

-.784607 

-.784614 

-.000007 

1 04 

88DB 

-.692139 

-.692231 

-.000092 

1 05 

8 7 R 5 

-.597534 

-.597590 

-.000056 

1 06 

8669 

-.501099 

-.500999 

. 000099 

1 07 

8527 

-.402832 

-.402775 

.000057 

108 

33E 1 

-.303345 

-.303236 

.000109 

1 09 

8297 

-.202637 

-.202709 

-.000072 

1 10 

814 C 

-.101624 

-. 101520 

. 000104 
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16-Bit Hybrid 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


DESCRIPTION 


• 16-BIT RESOLUTION 

• 90dB DYNAMIC RANGE 

• 0.004% THD (FS Input, 16 Bits) 

• 0.02% MAX THD(-15dB, 16 Bits) 

• 17/xsec MAX CONVERSION TIME (16 Bits) 

• 15 M sec MAX CONVERSION TIME (14 Bits) 

• 8Msec CONVERSION (Reduced Specs) 

• EIAJ STC-007-C0MPATIBLE 

• INTERNAL 16-BIT OAC AVAILABLE TO USER 



The PCM75 is designed for PCM Audio applications 
and is compatible with EIAJ STC-007 specifications. 
The internal 16-bit digital-to-analog converter is 
available for the designer to utilize in the playback 
mode, thus saving the cost of an additional DAC. 
The conversion time can be reduced from 15/usec to 
8/zsec with some increase in distortion. Distortion is 
specified on the data sheet to assure performance in 
critical audio applications. 

The PCM75 is a low cost, high quality, 16-bit 
successive approximation analog-to-digital conver- 
ter. The PCM 75 uses state-of-the-art IC and laser- 
trimmed thin-film components and is packaged in a 
bottom-brazed ceramic 32-pin dual-in-line package. 
The converter is complete with internal reference and 
clock. 


SHORT CYCLE 
CONVERT COMMAND 


AUDIO INPUT & 
RANGE SELECT 


COMPARATOR IN 


BIPOLAR OFFSET 
SERIAL OUT 


CLOCK RATE 
STATUS 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

At 25°C and rated power supplies unless otherwise noted. 


MODEL 

PCM75KG 

PCM75JG 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 



16 

Bits 

DYNAMIC RANGEO) 


90 



90 


dB 

1 INPUT i 

ANALOG 

Voltage Ranges, Bipolar 

Impedance (Direct Input) 


±2.5, ±5, ±10 

\ 


±2.5, ±5, ±10 


V 

0 to +5V, ±2.5V 


2.5 



2.5 


kn 

Oto +10V, ±5V 


5 



5 


kn 

Oto +20V, ±10V 


10 



10 


kn 

DIGITALI2) 








Convert Command 

Positive pulse 50nsec wide ( min > trailing edge ( “1 ’’ to "O" initiates conversion > 


Logic Loading 




l 





! 

TTL Load 

| TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 


±0.10) 



±0.1(3) 


% 

Offset Error, Bipolar 


±0.1(3) 



±0.1(3) 


%of FSR ( 4 ) 

Differential Linearity Error < major carry > 


±0.0015 



±0.003 


% of FSR 

Inherent Quantization Error 


±1/2 



±1/2 


LSB 

TOTAL HARMONIC DISTORTION (THD)(D 

Vin = ±FS at f = 400Hz 








14-Bit Resolution 


0.006 



0.008 


% 

16-Bit Resolution 

Vin = -15dB at f = 400Hz 


0.004 



0.006 


% 

14-Bit Resolution 


0.025 



0.03 

0.05 

% 

16-Bit Resolution 


0.015 

0.02 


0.021 


% 

POWER SUPPLY SENSITIVITY 

±15VDC 


0.003 



0.003 


% of FSR/%V S 

+5VDC 


0.001 



0.001 


% of FSR/%V S 

CONVERSION TIME(5) (14 Bits) 



15 



15 

Msec 

(16 Bits) 



17 




M sec 

WARM-UPTIME 

5 



5 



min 

DRIFT 

Gain 



±20 



±20 

ppm/°C 

Offset, Bipolar 



±15 



±15 

ppm of FSR/°C 

| OUTPUT | 

DIGITAL 

(All codes complementary) 

Parallel 








Output Codes<6) 

Bipolar 

Output Drive 

2 

COB, CTC<7) 


2 

COB, CTC(7) 


TTL Loads 

Serial Data Code (NRZ) 


CSB, COB 



CSB, COB 



Output Drive 

2 



2 



TTL Loads 

Status 

Logic "I" during conversion 

Logic 

‘1" during conversion 


Status Output Drive 

Internal Clock 

2 



2 



TTL Loads 

Clock Output Drive 

2 



2 



TTL Loads 

Frequency(8) 


933 



933 


kHz 

| POWER SUPPLY REQUIREMENTS | 

Power Consumption 


1.55 



1.55 


W 

Rated Voltage, Analog 

±14.5 

±15 

±15.5 

±14.5 

±15 

±15.5 

VDC 

Rated Voltage, Digital 

+4.75 

+5 

+5.25 

+4.75 

+5 

+5.25 

VDC 

Supply Drain +15VDC 


+45 



+45 


mA 

Supply Drain -15VDC 


-35 



-35 


mA 

Supply Drain +5VDC 


+70 



+70 


mA 

| TEMPERATURE RANGE f 

Specification 

0 


+70 

0 


+70 

°C 

Operating (derated specs) 

-25 


+85 

-25 


+85 

°C 

Storage 

-55 


+100 

-55 


+100 

°C 
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NOTES: 

1. The measurement of total harmonic distortion (THD) and Dynamic Range is highly dependent on the characteristics of the sample/hold amplifier, the 
digital-to-analog converter, the deglitcher, and the low-pass filter. To accurately measure THD and Dynamic Range, the accuracy of each device 
should be better than 16-bit accuracy. A block diagram showing the measurement technique Burr-Brown uses is shown in Figure 4. 

2. DTL/TTL compatible, i.e., Logic “0" = 0.8V max. Logic “1” = 2.0V min for inputs. For digital outputs Logic “0" = +0.4V max. Logic “1" = 2.4V min. 

3. Adjustable to zero. (See “Optional External Gain and Offset Adjustment ”! 

4. FSR means Full Scale Range. For example, unit connected for ±10V range has 20V FSR. 

5. Conversion time may be shortened with “Short Cycle” set for lower resolution and with use of Clock Rate Control. See “Additional Optional Connections” 
section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified max conversion time. Short Cycle f pin 32 1 should be left 
open for 16-bit resolution or connected to the n 4- 1 digital output for n-bit resolution. For example, connect Short Cycle to bit 15 (pin 15) for 14-bit 
resolution. 

6. See Table I. CSB - Complementary Straight Binary. COB - Complementary Offset Binary. CTC - Complementary Two’s Complement. 

7. CTC coding obtained by inverting MSB (pin 1 ). 

8. Adjustable with Clock Rate Control from approximately 933kHz to 1.4MHz. See Figures 12 and 13 and Table III. 



Pin numbers shown for reference 
only. Numbers may not be marked on 
package. 

CASE: Ceramic 
MATING CONNECTOR: 

2302 MC 

WEIGHT: 13 grams (0.46oz.i 
HERMETICITY: 

Conforms to method 1014 con- 
dition C step 1 (fluorocarbon) of 
MIL-STD-883 (gross leak). 



CONNECTION DIAGRAM 



SHORT CYCLE 
CONVERT COMMAND* 
+5VDC SUPPLY 
GAIN ADJUST 
+15VDC SUPPLY 
COMPARATOR IN 
BIPOLAR OFFSET 
10V \ AUDIO INPUT & 

20V I RANGE SELECT 

CLOCK RATE CONTROL 
AUDIO COMMON 
-15VDC SUPPLY 
CLOCK OUT 
DIGITAL COMMON 
STATUS 
SERIAL OUT 


THEORY OF OPERATION 

The accuracy of a successive-approximation A/D con- 
verter is described by the transfer function shown in 
Figure 1. All successive-approximation A/D converters 
have an inherent Quantization Error ±1/2LSB. The 
remaining errors in the A/ D converters are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 


Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1 ) about the zero or minus full scale point (all 
bits Off), and Offset drift shifts the line left or right over 
the operating temperature range. Total Harmonic 
Distortion (THD) is a measure of the magnitude and 
distribution of the Linearity Error, Differential Linearity 
Error, and Noise, as well as Quantization Error, that is 
useful in Audio Applications. To be useful, THD should 
be specified for both high level and low level input 
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signals. This error is unadjustable and is the most 
meaningful indicator of A/D converter accuracy for 
Audio Applications. The resolution of an A/ D converter 
can be expressed in terms of Dynamic Range. The 
Dynamic Range is a measure of the ratio of the smallest 
signals the converter can resolve to the full scale range 
and is usually expressed in decibels (dB). The theoretical 
dynamic range of a converter is approximately 6 x n, 
where n is the number of bits of resolution, or 96d B for a 
16-bit converter. The actual or useful dynamic range is 
limited by noise and linearity errors and is therefore 
somewhat less than the theoretical limit. 



FIGURE 1. Input vs Output for an Ideal Bipolar A/D 


Converter. 


TIMING CONSIDERATIONS 

The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exits. The output will be complementary as shown 
in Figure 2 (01 10 01 1 1 0110 1001 is the digital output). 

DEFINITION OF DIGITAL CODES 
Parallel Data 

Two binary codes are available on the PCM75 parallel 
output; they are complementary (logic “0” is true) 
straight binary (CSB) for unipolar input signal ranges 
and complementary offset binary (COB) for bipolar 
input signal ranges. Complementary two’s complement 
(CTC) may be obtained by inverting MSB (pinl). 

Table I shows the LSB, transition values, and code 
definitions for each possible analog input signal range for 
14-, 15-, and 16-bit resolutions. Figure 3 shows the 
connections for 14-bit resolution, parallel data output, 
with ±5V input. 

Serial Data 

T wo straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with the MSB occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values shown in Table I also apply to the serial data 
output except for the CTC code. 
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FIGURE 3. PCM75 Connections For: ±5V Audio Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 


Binary (BIN) 

Output 

INPUT VOLTAGE RANGE AND LSB VALUES 

Audio Input 

Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 


0 to +5V 

0 to +20V 

Code 



COBH) 

COBH) 




Designation 



or CTC(2). 

or CTC(2) 


CSB(3) 

CSB(3) 

One Least 

FSR 

20 V 

10V 

5V 

10V 

5V 

20V 

Significant 

2 n 

2 n 

2 n 

2 n 

2" 

2 n 

2 n 

Bit (LSB) 

n = 16 

305 M V 

153/uV 

77 M V 

153 m V 

77/uV 

305 m V 


n = 15 

61,0/uV 

305mV 

153 M V 

305 /uV 

153/uV 

610yuV 


n = 14 

1.22mV 

610 m V 

305fxV 

6.0 M V 

305 /iV 

1.22 mV 

Transition Values 

MSB LSB 

000... 000(4) 

+Full Scale 

+10V -3/2LSB 

+5V -3/2LSB 

+2.5V -3/2 LSB 

-MOV -3/2LSB 

+5V -3/2LSB 

+20V -3/2LSB 

01 1 ...111 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

-MOV 

111... 110 

-Full Scale 

-10 V +1/2LSB 

-5V +1/2LSB 

-2.5V +1/2LSB j 

0 +1/2LSB 

0+1/2LSB 

0+1/2LSB 

I (i) COB = Complementary Offset Binary 


(3) CSB = Complementary Straight Binary 



(2) CTC = Complementary Two’s Complement - obtained by 

(4) Voltages given are the nominal value 



inverting the most significant bit. MSB (pin 1 ). 

for transition to the code specified. 




DISCUSSION OF 
SPECIFICATIONS 

The PCM75 is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A/D converter in audio 
applications are total harmonic distortion, drift, gain and 
offset errors, and conversion time effects on accuracy. 
The ADC is factory-trimmed and tested for all critical key 
specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory trimmed to 
typically ±0.1% of FSR (typically ±0.05% for unipolar 
offset) at 25°C. These errors may be trimmed to zero by 
connecting external trim potentiometers as shown in 
Figures 10 and 1 1. 


POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM75 power supply sensitivity is specified for 
±0.003% of FSR/%V, for ±15VDC supplies and 
±0.0015% of FSR/%V, for ±5VDC supplies. Normally, 
regulated power supplies with 1% or less ripple are 
recommended for use with this ADC. See Layout 
Precautions, Power Supply Decoupling, and Figure 7. 

TOTAL HARMONIC DISTORTION 

The Total Harmonic Distortion (THD) is defined as the 
ratio of the square root of the sum of the squares of the 
value of the rms harmonics to the value of the rms 
fundamental and is expressed in percent or dB. A block 
diagram of the test circuit used to measure the THD of 
the PCM75 is shown in Figure 4 along with a timing 
diagram for the control logic. If we assume that the error 
due to the test circuit is negligible, then the rms value of 
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FIGURE 4. Block Diagram of Distortion Test Circuit. 


the PCM75 error referred to the input can be shown to be 


y l N 

“ [Ei.(i) + E Q (i)]“ 

where N is the number of samples, Ei.(i) is the linearity 
error of the PCM75 at each sampling point, and Eq(0 is 
the quantization error at each sampling point. The TH D 
can then be expressed as 


TH D =i^ 

trms 



[Ei.(i) + E Q (i)] 2 
-E — X 100% 


This expression indicates that there is a correlation 
between the THD and the square root of the sum of the 
squares of the linearity errors at each digital word of 
interest. However, this expression does not mean that the 
worst-case linearity error of the A/ D is directly correlated 
to the THD because the digital output words from the 
A/ D vary according to the amplitude and frequency of 
the sine wave input as well as the sampling frequency. 
For the PCM75 the test sampling period was chosen to be 
22.7/usec which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 400Hz 
and the amplitude of the input signal is OdB (full scale) 
and -15dB. 


ACCURACY VS CONVERSION TIME 

Figures Hand 15 show the relationship of THD vs input 
voltage level for the PCM75 with both 14-bit and 16-bit 
resolution and conversion times of 8/xsec and 15/usec. 
Notice that the distortion level is reduced by increasing 
the resolution from 14 to 16 bits due to the reduced 
quantization error. Conversely, decreasing the conver- 


sion time of the PCM75 from 15jusec to 8/usec increases 
the distortion level due to dynamic linearity errors 
resulting from insufficient settling time for the internal 
D/ A converter and comparator. 



FIGURE 5. Schematic of Sample/ Hold Amplifier. 



FIGURE 6. Control Logic Timing for PCM75 
Distortion Test Circuit. 
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LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and Digital Common are not connected internally 
in the PCM75 but should be connected together as close 
to the unit as possible, preferably to a large plane under 
the ADC. If these grounds must be run separately, use 
wide conductor pattern and a0.01/*Fto0. j/uF nonpolar- 
ized bypass capacitor between analog and digital com- 
mons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(pin 27) is extremely sensitive to noise. Any connection to 
this point should be as short as possible and shielded by 
Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 7 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. Bypass the 1/zF electrolytic type 
capacitors with 0.0 1 pt F ceramic capacitors for improved 
high frequency performance. 




t -15VDC 

♦5VDC p— (g) 

-rl/T 

— L_ ® 

DIGITAL COMMON W 


iiMF 

1 + AUDIO 

/53\— _ 

T COMMON 

fy 

1 ^ j.i ci/nr 





FIGURE 7. Recommended Power Supply Decoupling. 


INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D 
converter. Connect the input signal as shown in Table II. 
See Figure 8 for circuit details. 


TABLE II. PCM75 Input Scaling Connections. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 26 
To Pin 

Connect 

Pin 24 

To 

Connect 

Input 

Signal 

To Pin 

±10V 

COB or CTC* 

27 

Input Sig. 

24 

±5V 

COB or CTC* 

27 

Open 

25 

±2.5V 

COB or CTC* 

27 

Pin 27 

25 

0 to +5V 

CSB 

22 

Pin 27 

25 

Oto +10V 

CSB 

22 

Open 

25 

0 to +20V 

CSB 

22 

Input Sig. 

24 


‘Obtained by inverting MSB (pin t). 



INPUT IMPEDANCE 

The input signal to the PCM75 should come from a low 
impedance source, such as the output of an op amp, to 
avoid any errors due to the relatively low input impedance 
of the PCM75. 

If this impedance is not low, a buffer amplifier should be 
added between the input signal and the direct input to the 
PCM75 as shown in Figure 9. 



FIGURE 9. Buffer Amplifier for PCM75 Input. 


OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 10 and 11. Multiturn 
potentiometers with 100ppm/°C or better TCR’s are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkH to lOOkfl. 
All resistors should be 20% carbon or better. Pin 29 (Gain 
Adjust) and pin 27 (Offset Adjust) may be left open if no 
external adjustment is required. 

ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer (make sure 
Ri is as close to pin 27 as possible) as shown in Figure 10. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 
(ETn F ). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E 0 ,^. The ideal transition 
voltage values of the input are given in Table I. 
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FIGURE 10. Two Methods of Connecting Optional 

Offset Adjust With a 0.4% of FSR Range 
of Adjustment. 


GAIN - Connect the Gain adjust potentiometer as shown 
in Figure 11. Sweep the input through the end point 
transition voltage that should cause an output transition 
to all bits on (E^ 1 )- Adjust the Gain potentiometer until 
the actual end point transition voltage occurs at E^. 
Table I details the transition voltage levels required. 



FIGURE 1 1. Connecting Optional Gain Adjust With a 
0.6% Range of Adjustment. 


OUTPUT DRIVE 

Normally all PCM75 logic outputs will drive two stan- 
dard TTL loads; however, if long digital lines must be 
driven, external logic buffers are recommended. 

ADDITIONAL OPTIONAL CONNECTIONS 

The PCM75 may be operated with faster conversion 
times for resolutions less than 14 bits, if a higher THD is 
acceptable, by connecting the Clock Rate (pin 23) and the 
Short Cycle (pin 32) as shown in Table III. Typical 
conversion times for the resolution and connections are 
indicated. 


TABLE III. Short Cycle and Clock Rate Control 

Connections for 12- to 16-Bit Resolutions. 


Resolution (Bits) 

16 

15 

14 

13 

12 

Connect Pin 32* to 

Open 

Pin 16 

Pin 15 

Pin 14 

Pin 13 

Connect Pin 23 to 

Pin 19 

Pin 19 

Pin 19 

Pin 30 

Pin 30 

Conversion Time 
(Typical) M sec 

17 

16 

15 

10 

8 


‘‘For resolutions less than 16 bits also connect a 2kn resistor from +5V 
to pin 32. 


If a more precise adjustment of conversion time is desired 
than can be obtained by simply connecting the Clock 
Rate (pin 23) to Digital Common or +5 V, as indicated in 


Table III, the Clock Rate pin may be connected to an 
external multiturn trim potentiometer with a TCR of 
±100ppm/°C or less as shown in Figure 12. The typical 
conversion time vs the Clock Rate Control voltage is 
shown in Figure 1 3. The effect of varying the conversion 
time and the resolution on the total harmonic distortion 
is shown in Figures 14 and 15. 



FIGURE 12. Clock Rate Control, Optional Fine Adjust. 



FIGURE 13. Conversion Time vs Clock Rate Control 


Voltage. 



FIGURE 14. Total Harmonic Distortion vs Conversion 


D'me. 
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FIGURE 15. Total Harmonic Distortion vs Input 
Voltage Level. 

EXTERNAL CLOCK 

If an external clock is used, connect it to the Convert 
Command, pin 31. The convert command waveform as 
shown in Figure 2 is then not used on pin 3 1 . The internal 
clock signal Will still appear on pin 20 and its waveform 
can vary from that shown in Figure 2. The external clock 
pulse, as applied to pin 3 1 , must be a negative-going pulse 
with a width between lOOnsec and 200nsec as shown in 
Figure 2 and in Figures 16, 17, and 18. 

Figure 1 6 shows continuous conversion using an external 
clock waveform, with the correct duty cycle applied 
directly to pin 3 1 . A new conversion will automatically be 
initiated by the (n T 2) clock pulse where n is the 
resolution of the PCM75. 

Figure 17 shows how to shape the waveform to apply to 
pin 3 1 when using an external clock that has an arbitrary 
duty cycle. 

Figure 1 8 shows how to obtain continuous external 
clock conversion initiated by the rising edge of an 
external clock pulse only when an additional convert 
command pulse is high. 

In all cases when using an external clock, the frequency of 
the external clock must be lower than the frequency of the 
internal clock. The internal clock normally runs at 
933kHz when the Clock Rate Control, pin 23, is connected 
to digital common. Higher internal clock frequencies can 
be obtained by connecting the Clock Rate Control, pin 
23, to positive voltages; +5V is often convenient to use. 
See Figure 13 for relative increases. 


n i 

JTUUU ®. 

— 1 U- 200nsec. MAX 

EXTERNAL CLOCK WAVEFORM ^ 

APPLIED TO PIN 3,. 

GROUND 

CONVERT 

COMMAND 

PCM75 

CLOCK RATE 

CONTROL 



FIGURE 16. Continuous Conversion Using an External 


Clock. 




| +5VDC 




ZZOp fin n 




] *r. 

HI-TI5 


PCM75 

+ 5 vnn 

ii[L 

l_i 


1 

1 



J\ 

IC, 


1 

i 4 

CONVERT 

COMMAND 


1 J 

II 

7 so 

0 

j 

EXTERNAL 


z 

I 3 


CLOCK RATE 
CONTROL* 

CLOCK * | Cl = 

: 1/2 74LS123 OR EQUIVALENT 1 

EXTERNAL K- * ~H 

t aju^nrui. 

(TO PIN 31)|j [J 

1 

1 


T 

11 



— 200nsec. MAX 


STATUS (PIN 18) 1 [ 

*The external clock frequency must be lower than the internal clock 
frequency of the PCM75. 


FIGURE 17. Continuous Conversion Using an External 
Clock That Has an Arbitrary Duty Cycle. 



Note: 

The convert command and the external clock must be high simultaneously to 
initiate a conversion. The conversion will start on the rising edge of the 
external clock. Any further convert commands that occur during a conversion 
will be ignored until the conversion Is completed. 

FIGURE 18. Continuous Conversion Initiated by the 
Rising Edge of an External Clock Pulse, 
Only When an Additional Convert 
Command Signal is High. 
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DESCRIPTION OF A/D - D/A OPERATION 

The PCM75 was designed so that the internal D/A 
converter can be made available to the user as shown in 
Figure 19. The D/A converter portion of the PCM75 
requires only ±15VDC supplies and analog common for 
operation. Therefore, floating the +5VDC supply pin 
(pin 30) turns off the internal clock, successive approxi- 
mation register (SAR), and comparator without affecting 
the operation of the DAC. Note that the +5VDC line 
must appear as a high impedance to the PCM75 or 


damage may result to the SAR digital outputs when they 
are used as digital inputs, for operation of the D/A 
converter. 

This circuit provides a low cost alternative to using a 
separate A / D and D/ A converter in applications where 
the operation of only one device is required at any given 
time. The current settling time of the D / A portion of the 
PCM75 is about I/zsec to within ±0.003% of the final 
value. The voltage settling time is dependent upon the 
characteristics of the output amplifier (Ai). 



FIGURE 19. PCM75 Used Both as an A/ D Converter and as a D/ A Converter. 
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DATA ACQUISITION SYSTEM 


FEATURES 

• SAVES DESIGN TIME 

• RELIABLE - 168-hour bake 

• LOW LEVEL OR HIGH LEVEL INPUTS 

• SAVES SPACE 

• FLEXIBLE * Up to four modes of operation 

• LOW COST 

DESCRIPTION 

The SDM853 is a complete 8- or 16-channel data 
acquisition system in a compact 4.6" x 3.0" X 0.375" 
metal case. This system differs from most in that it 
can acquire and digitize low level or high level analog 
signals. A built-in high quality instrumentation 
amplifier allows input signal ranges of ±10mV to 
±10V. This means that the SDM853 can be 
connected to low level sensors such as thermocouples 
and strain gauges without external signal 
conditioning. 

This expandable module accepts either 16 single- 
ended or 8 differential inputs and converts the 
multiplexed data signals into 1 2- bit digial words with 
an accuracy of ±0.025% at throughput rates of up to 
33,000 samples per second. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 7464111 • Twx: 910-952-1111 - Cable: BBRC0RP • Telex: 66-6491 

PDS-354A 
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DISCUSSION OF PERFORMANCE 


The S DM853 is a complete modular “ off the shelf ’ data acquisition system. With this 
system it is possible to configure complete data acquisition systems in one-fourth the 
space for a fraction of the cost previously possible. 

These systems contain all the components necessary to multiplex and convert ±10m V 
to ±10V analog data into equivalent digital outputs yielding resolutions of 2.4p V to 
2.4 m V. The minimum throughput sampling rates are up to 30 kHz for 12 bit and up to 
43 kHz for 8 bit resolution. The model S DM85 3 contains an analog multiplexer which 
can be connected in a 16 channel single ended or 8 channel differential mode, 
instrumentation amplifier, sample /hold, 12 bit successive approximation A/D 
converter and programming logic. The amplifier and sample / hold are not internally 
interconnected. This allows maximum application flexibility. These systems can be 
expanded without limit using Burr- Brown’s MPC-16S and MPC-8D monolithic 
multiplexers. Figure 1 shows the components of the S DM853. The system is designed 
to be mounted on a printed circuit card. The only requirement for system operation are 
input signals, power and the interconnection of the system components into the 
desired operating configuration. 


CHO 
CHI 
CH2 
CH3 
CH4 
CH5 
CH6 
. CH7 

oNRTNO CH8 
“ RTN1 CH9 

RTN2 CHIO 72 i 
RTN3 CH1 1 71 i 
RTN4 CH12 70 < 
RTN5 CH13 69 Q— I 

RTN6 CH 14 68 O | 

RTN7 CHI 5 67 < 


MUX 

Out 

MUX Amp 
Out IN 

Amp 

IN 

Gain 

Selection 

Amp S/H 

Con 

S/H 

+ 

+ 

_ 


Out IN 

trol 

Out 

11 

66 

25 

28 

26 27 

29 51 

48 

50 

_ 9 


FI 



9 9 

9 

9 


Gain Offset 
Adj. Adj. 


40 Clock Out 
37 Serial Out 

47 



52 Ext. Gain 
Adj. 


Delay Adj.1 
Delay Adj. 2 


6 

6 

6 

6 

6 

6 

6 

59 

75 

64 

23 

24 

54 

20 

Delay 

S/D 

MUX 

Neg. 

Pos. 

BPO 

A/D 

Out 

Enb. 

Enb. 

Ref. Out 

Ref. Out 


Trig 


2 39 

Ana. Dig. 
Gnd. Gnd. 


FIGURE 1. SDM853 Block Diagram. 


ANALOG MULTIPLEXER 

Two one of eight CMOS analog multiplexers are used to 
allow user selection by external jumpers of 16 single 
ended channel or 8 double ended channel operation. In 16 
channel operation the multiplexer may be used in a 
pseudo differential mode by connecting the amplifier 
inverting input to a common, remote, signal ground. 
Channel selection is by a 3 or 4 bit binary word stored in a 
presettable address counter. Channel capacity is 
expandable without limit. 


INSTRUMENTATION AMPLIFIER 

The instrumentation amplifier is a low drift, differential 
amplifier featuring high speed at gains above unity, and 
external gain programming with an external resistor. 
With the gain programming pins open, the gain is unity. 
Gain may be selected from unity to 60 dB. 
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SAMPLE AND HOLD AMPLIFIERS 

The sample and hold amplifier is a complete, stand alone, 
sample and hold circuit featuring buffered output, 7^sec 
acquisition time, and 30nsec aperture time. Input, output 
and mode control functions are brought to separate 
connector pins. This allows maximum system flexability for 
performing such functions as automatic gain ranging with 
no loss of aperture time. 

ANALOG-TO-DIGITAL CONVERTER 

The ADC is a ceramic packaged, 12-bit converter featuring 
24/isec conversion time and 0.01% accuracy. Thin-film 
networks and current switching are used to assure linearity 
over wide temperature ranges. 

ADDRESS COUNTER 

A 4-bit binary address counter is connected to the 
multiplexer. This counter may be externally loaded, cleared, 
clocked or enabled. The address outputs are brought to 
connector pins for convenient system control. 

DELAY TIMER 

The delay timer is provided to allow for the settling time of 
the multiplexer, amplifier, and sample and hold circuits. The 
delay time is adjustable over a wide range by an external 
potentiometer and/or external capacitor. This allows for the 
longer settling time of the instrument amplifier at high gains. 

CONTROL LOGIC 

Delay and ADC trigger functions are edge -triggered and 
gated. Counter control functions are synchronous with the 
counter clock which is internally connected to the delay 
timer output. 


CHANNEL EXPANSION 

The number of analog input channels of these systems can 
easily be increased using Burr-Brown’s MPC8D and 
MPC16S CMOS multiplexers, the MPC8D is an 8- 
channel differential model and the MPC16S is a 16- 
channel single-ended model. These are latch-free devices 
which contain internal binary decoding, TTL or MOS 
logic levels, and may be integrated into a system with 
minimum external logic. 

SYSTEM PERFORMANCE 

The SDM853 can be configured to continuously 
sequence through all analog channels, to accept random 
addresses or to sequence through all analog channels on 
command from an external trigger. 

The status signal, pin 30, is connected to the strobe not 
input of the delay timer, pin 58, for normal program 
sequencing with a minimum throughput sampling rate of 
30kHz for 12-bit resolution. 

By using “overlap” programming, the settling time effects 
of the analog multiplexer and instrumentation amplifier 
can be reduced, extending throughput sampling rates up 
to 32kHz for 12-bit and 43kHz to 8-bit resolution. This 
mode of operation is most useful when converting low 
level inputs to accommodate the increased settling time of 
the instrumentation amplifier. Overlap programming is 
accomplished by connecting the status signal, pin 30, to 
the strobe input of the delay timer, pin 19, and extending 
the delay time. The internal logic will then select analog 
channel (n + 1) while channel n is being converted. 


SYSTEM PERFORMANCE 


(Typical at 25°C and rated supplies) 



FIGURE 2. Nonlinearity and Settling Time vs. Amplifier Gain. 



FIGURE 3. Output Noise vs. Amplifier Gain. 


System 

Gain 

System 

Accuracy 

Throughput 

Rate 

(Channels/sec) 

Delay 

Time fusee) 

V/V 


Normal 

Overlap 

Normal 

Overlap 

i 

+ 0.025% FSR 

30k 

32 k 

9 

31 

10 

+ 0.035% FSR 

25k 

32 k 

18 


100 

+ 0.08% FSR 

20k 

32 k 

25 

cl 

1000 

+ 0.1% FSR 

10k 

14k 

70 

70 


TABLE I. Throughput Rate vs. Gain for Normal and 
Overlap Modes. 


FSR 

ADC 

Range 

Ampli- 

fier 

Gain 

Reso- 

lution 

Delay for 
Settling 
to ±0.2% 
(jusec) 

Delay for 
Settling 
to ±0.05% 

(/isec) 

Delay for 
Settling 
to 0.01% 

(psec) 

20V 

±10V 

i 

4.88mV 

7 

8 

9 

IV 

0 to 10V 

id 

244/i V 

10 

15 

18 

0.1V 

0 to 10V 

100 

24.4MV 

20 

25 

30 

1 OmV 

0 to 10V 

1000 

2.44MV* 

60 

70 



- 


TABLE II. This table shows the delay timer setting required 
to allow for the settling time of the instrumentation ampli- 
fier to the accuracies specified. Add the 24/zsec conversion 
time of the A/D converter to the above delay times to obtain 
channel conversion times. * Depends on desired S/N ratio. 
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ELECTRICAL SPECIFICATIONS 


Typical at 25°C and rated power supplies unless otherwise noted. 


| MODEL 

SDM853 | 

| TRANSFER CHARACTERISTICS | 

Throughput Rate, min 

30kHz, 33/isec/channel 

Resolution 

12 Bits 

Number of Channels 

16 single-ended/ 8 differential 

| ANALOG INPUTS | 

ADC gain ranges 

0-5 V, 0-10V, ±2.5V, ±5V, ±10V 

Amplifier gain range 

1 to 1000 

Amplifier gain equation 

G = 1 + 20kn/Rh X i ( '’ 

Max. input voltage without damage 

±16V 

Max. input voltage for multiplexer operation f#i 

± 10.24 V 

Input impedance 

100MO, lOpF OFF channel 

1 00M ft, lOOpF ON channel 

Bias current 


25°C 

20nA 

0°C to 70°C 

50nA 

Differential Bias Current (25°Q 

lOnA 

Differential Bias Current Drift 

0. lnA/°C 

Amplifier output noise (Gain = 100, R s = 5000) 

1.2mV, rms; 7mV, p-p 

Amplifier input offset voltage, max 

400pV 

Amplifier voltage offset drift 

2 + 20/GmV/°C 

| ACCURACY* 2 ' | 

System RSS accuracy at 25°C (Gain = 1) 

±0.025% FSR 1 ' 1 at 30kHz throughput 

Linearity (Gain = 1) 

±!/2LSB, at 30kHz throughput 

Differential linearity (Gain = 1 ) 

±1/2LSB, at 30kHz throughput 

Quantizing error 

±1 /2LSB 

Gain error 

Adjustable to zero 

Offset error 

Adjustable to zero 

Power supply sensitivity 

±0.005% FSR/% change of supply voltage 

| STABILITY OVER TEMPERATURE ] 

System accuracy drift, max 

±30ppm/°C of reading 

Linearity drift 

±3ppm of FSR/ H C 

| DYNAMIC ACCURACY j 

Sample & Hold aperture time 

30nsec 

Aperture time uncertainty 

Error for full scale transition between 

±5nsec 

successively addressed channels 

ILSB at 30kHz 

Differential amplifier CMRR (Gain = 1) 

74dB at 1kHz 65dB at 3kHz (lOOdB at 60Hz Gain = 1000) 

Channel cross talk 

80dB down at 2kHz, for OFF channel to ON channel 

Sample & Hold feedthrough 

80dB down at 5kHz 

Sample & Hold decay rate 

10/iV/zsec 

| OUTPUT | 

Output Coding (Complementary) 

Unipolar Straight Binary, Bipolar Offset, Binary Two’s Complement 

Gain trim' 4 ' 

Adjustable to zero error 

Offset trim 141 

Adjustable to zero error 

A/D Conversion Time 

24/xsec 

Delay 

9^isec nominal, externally adjustable from 5.5psec to !4/isec ,M 

POWER REQUIREMENTS 

±15VDC ±3% at +50mA, 5mV, rms, ripple 
-I5VDC ±3% at -75mA, 5m V, rms, ripple 
+5VDC ±5% at +300mA, 25mV, rms, ripple 

| ENVIRONMENTAL | 

Operating temperature 

0°C to 70°C 

Storage temperature 

-25°C to +85°C 

Relative humidity 

95% noncondensing 


1. With Rfxt between pins 26 and 27. 

2. No missing codes guaranteed. 

3. FSR means Full Scale Range. 

4. Gain and Offset controls are located in the module. The adjustment ranges are ±0.1% FSR for Gain and ±0.1% FSR for Offset. 

5. Adjustable to 10 seconds with external capacitor. 

6; For differential operation with gain > 1, the common-mode input voltage range is ±5V. 
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f DIGITAL INPUT SPECIFICATIONS j 

Address inputs 

One standard TTL load, positive true 

Coding 

4-bit binary 

Load Enable 

One standard TTL load, negative true, address loaded with strobe inputs. 

Clear Enable 

One standard TTL load, negative true, address loaded with strobe inputs. 

Strobe & Strobe 

One standard TTL load, STROBE and STROBE edge trigger the delay timer and clock the address 
counter. STROBE must be high to enable STROBE and STROBE must be low to enable STROBE. 

Count Enable 

Two standard TTL loads, positive true, logic “0” allows the Strobe inputs to trigger the delay timer, but 
prevents the MUX address counter from being clocked. 

ADC trigger 

One standard TTL load, a positive going edge at TRIG initiates conversion, a negative going edge at TRIG 
initiates conversion; TTTTCT must be “0” to enable TRIG; TRIG must be “1" to enable TRIG. 

Short cycle 

One standard TTL load, logical I for 12-bit resolution, connected to the N + 1 bit output for N bit 
resolution. 

Multiplexer Enable 

Multiplexer Enable 

Two standard TTL loads, logical I enable multiplexer output and logical 0 turns off all channels. 

S/D select 

Two standard TTL loads, logical 1 enables 16-channel singl^ended operation and logical 0 enable 8-channel 
differential operation. 

I DIGITAL OUTPUT SPECIFICATIONS 1 

Data outputs 

Parallel Bl, Bl . . . B12 

2 Standard TTL loads, negative true. 

Serial out 

2 Standard TTL loads, negative true, time serial data output beginning with Bl, (see timing diagram). 

Address outputs 

5 Standard TTL loads, positive true, 4-bit binary code, internal 2kfl pull-up resistors. 

Delay out (Delay Out) 

5 Standard TTL loads high (low) during the delay period, triggered by Strobe and Strobe inputs. 

Clock 

5 Standard TTL loads for synchronizing serial out data (see timing diagram). 

Status 

5 Standard TTL loads, high during the A D converison. 


SYSTEM TIMING DIAGRAMS 




FIGURE 5. Timing Diagram for Sequential Overlap Programming Mode. (Delay must be adjusted to status pulse.) 
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PACKAGE AND PIN CONFIGURATION 


SDM853 CONNECTOR PIN DIAGRAM 


+ 15V 
ANA. GND. 
CH 0 IN 
CH 1 IN 
CH 2 IN 
CH 3 IN 
CH 4 IN 
CH 5 IN 
CH 6 IN 
CH 7 IN 
MUX OUT HI 
LOAD ENB 
COUNT ENB 
A8 OUT 
A4 OUT 
A2 OUT 
A1 OUT 

Dry". 

STROBE 
ADC TRIG 
DLV. ADJ. 1 
R1 

NEG REF OUT 
POS. REF OUT 
AMP IN HI 
G2 
G1 

AMP IN LO 
AMP OUT 
STATUS 
B1 MSB 
B3 
B5 
B7 
B9 
B11 
SER OUT 
+ 5 


1 

76 

2 

75 

3 

74 

4 

73 

5 

72 

6 

71 

7 

70 

8 

69 

9 

68 

10 

67 

11 

66 

12 

65 

13 

64 

14 

63 

15 

62 

16 

61 

17 

60 

18 

59 

19 

58 

20 

57 

21 

56 

22 

55 

23 

54 

24 

53 

25 

52 

26 

51 

27 

50 

28 

49 

29 

48 

30 

47 

31 

46 

32 

45 

33 

44 

34 

43 

35 

42 

36 

41 

37 

40 

38 

39 


-15 V 
S/D ENB 
CH 8 IN (0 RTN) 
CH 9 IN (1 RTN) 
CH 10 IN (2 RTN) 
CH 11 IN (3 RTN) 
CH 12 IN (4 RTN) 
CH 13 IN (5 RTN) 
CH 14 IN (6 RTN) 
CH 15 IN (7 RTN) 
MUX OUT LO 
CLR ENB 
MUX ENB 
A8 IN 
A4 IN 
A2 IN 
A1 IN 
DLY. 

STR OBE 
ADC TRIG 
DLY. ADJ. 2 
R2 
BPO 

COMP IN 
GAIN ADJ. 

S/H IN 
S/H OUT 
SHT. CYC. 

S/H CONTROL 

IT 

B2 

B4 

B6 

B8 

BIO 

B12 LSB 
CLK. OUT 
DIG RTN 



CASE MATERIAL: Insulated Steel 
CONNECTOR PINS: Gold Flashed 
WEIGHT: 145 grams (5 oz.) 


MOUNTING INSTRUCTIONS: 

MOUNTING FLUSH ON PC CARD 

1. Use strip connectors or two 14 pin and three 16 pin low 
profile 1C sockets (shipped with each unit). 

2. Use 4-40 x 3/1 6" (4.8mm) LG Pan HD Hardware to 
secure the SDM853 to PC Card. 
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HYBRID DATA ACQUISITION SYSTEM 


FEATURES 


• MINIATURE SIZE 

• LOW COST 

• 12-BIT, ±0.012% LINEARITY ERROR 

• INPUTS UP TO ±10 VOLTS 

• WIDE TEMPERATURE RANGE 

• SELECTABLE 16 SINGLE, 8 DIFFERENTIAL INPUTS 

• THREE-STATE OUTPUT BUFFERS 


DESCRIPTION 

The SDM854 is a complete data acquisition system 
contained in a miniature 2.2" x 1 .7" x 0.22" (55.9mm 
x 43.2mm x 5.6mm) ceramic package. This system 
offers all the functions available in large modular 
data acquisition systems. Inputs up to ±10V can be 
accepted and low-level inputs can be accommodated 
by connecting an external instrumentation amplifier 
to the output of the multiplexer and to the input of 
the sample/ hold amplifier. Digital resolution is 12 
bits with accuracy of ±0.024% at a throughput rate of 
27kHz. 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SYSTEM DESCRIPTION 

The SDM854 contains all components necessary to 
multiplex and convert analog signals up to ±10V into 
equivalent digital outputs. Throughput sampling rates 
are from 27kHz (12-bit resolution) to 70kHz (8-bit 
resolution) in the overlap mode of operation. The 
S DM854 can be configured to accept either 8-channel 
differential or 16-channel single-ended signals and can be 
expanded almost without limit with external mul- 
tiplexers. Three-state outputs are provided for easy 
interface to microprocessor and other bus-structure 
systems. The system components are illustrated in Figure 
1 and described in the following paragraphs. 


ANALOG MULTIPLEXER 

The analog multiplexer consists of two CMOS integrated 
circuits. Pin interconnects are used to select 16-channel 
single-ended or 8-channel differential operation. In single-ended 
operation the multiplexer can be used in a pseudo- 
differential mode by connecting an external amplifier’s 
inverting input to common remote signal ground. Chan- 
nel selection is made by an internally latched 3- or 4-bit 
binary word, for differential or single-ended operation 
respectively. 


SAMPLE/HOLD 

A complete stand-alone circuit, the sample/ hold ampli- 
fier features buffered output, Wjusec acquisition time, 
and lOOnsec aperture time. 

Input, output, and mode control lines are brought out to 
separate pins. This allows maximum system flexibility 
for performing functions, such as automatic gain rang- 
ing, with no loss of aperture time. 


ANALOG-TO-DIGITAL CONVERTER 

The ADC is a 12-bit, 25^usec converter with 0.01% 
linearity error. Its features include positive and negative 
reference voltage outputs, external gain and offset adjust- 
ments, straight binary or two’s complement output, serial 
data and clock outputs, status output, a short cycle 
feature, and a clock rate control for higher throughput 
rates at lower resolution or accuracy. 


THREE-STATE OUTPUT BUFFERS 

Digital outputs of the ADC are internally buffered by 
LSTTL three-state buffers. Three separate enable lines 
are brought out for easy interfacing to 4-, 8- or 1 6-bit data 
buses. MSB and BUSY are also buffered by separate 
three-state devices, each with its own enable line. 


ADDRESS LATCH 

Outputs of the 4-bit TTL register latch are connected to 
the address inputs of the multiplexer. This latch serves as 
an address storage register for the selected analog input. 
It may be loade d throug h 4 address inputs. Other inputs 
are LOAD and CLEAR. The 3 least significant bits are 
used for 8-channel differential mode addressing. 


DELAY TIMER 

A delay timer allows settling time for the multiplexer and 
sample/ hold circuits before conversion begins. The delay 
is adjustable over a wide range by use of an external 
resistor or capacitor. This allows for longer settling time 
if an external instrumentation amplifier is used and is 
operating at high gains, or shorter settling time for lower 
resolution operation. 


CHANNEL EXPANSION 

The number of analog input channels of the SDM854 can 
be easily increased by using Burr-Brown's MPC8D (8- 
channel differential) and MPCI6S (16-channel single- 
ended) multiplexers. These are latch-free devices which 
contain internal binary decoding at TTL or MOS levels 
and may be integrated into a system with minimal exter- 
nal logic. 

SYSTEM PERFORMANCE 

The SDM854 is configured for random channel selec- 
tion. With the addition of an external counter they can be 
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FIGURE 1. SDM854 Block Diagram. 


configured to continuously sequence through all analog 
channels or sequence through all analog channels on 
command from an external trigger. 


With the appropriate 4-bit (single-ended) or 3-bit (differ- 
ential) channel address on the latch inputs, and DELAY 
OUT (pin 45) tied to the L OAD input (pin 23), a negative 
going edge is applied to the STROBE input (pin 48). This 
starts the delay timer, latches the multiplexer address, 
and allows the input signal to pass through the multiplexer, 
and sample/ hold before starting the A/D conversion. 
The D ELAY OUT signal (pin 45) is also connected tothe 
TRIG input (pin 46) and the A/ D conversion is initiated 
on the negative-going edge. The S! H CONTROL, input 
(pin 66) is connected to BUSY (pin 24) so that the 
sample/ hold is in the HOLD mode during the A D 
conversion. 


By using overlap programming the settling time effects of 
the analog multiplexer and external instrumentation 
amplifier (if used) can be reduced, extending throughput 
sampling rates up to 27kHz for 12-bit and 70kHz for 8-bit 
resolution (ADC short-cycled). This mode of operation is 
most useful when converting low-level inputs to accom- 
modate the increased settling time of the external instrumen- 
tation amplifier. Overlap programming is accomplished 
by connecting BUSY to STRO BEand S/ H CONTROL; 
DELAY OUT to LOAD and TRIG. In this mode of 
operation the address of the next channel to be converted 
is latched and the output of the external instrumentation 
amplifier allowed to settle to a new value during the 
present conversion. 


DIGITAL INPUT SPECIFICATIONS 


Address Inputs 
(AO- A3) 
Address Coding 
LOAD 


CLEAR 


STROBE 

TRIG 

SHORT CYCLE 


ENABLE I. 
ENABLE 2. 
ENABLE 3. 

Dll E NABLE 
BUSY ENABLE 
S/H CONTROL 

MUX ENABLE 2 


One standard LSTTL load, positive true 
4-bit binary 

One standard LSTTL load, positive true, address loaded on 
positive edge. 

One standard LSTTL load, negative true, low level clears 
address latch. 

One standard TTL load, high-to-low transition triggers 
the delay timer. 

One standard TTL load, a negative going edge initiates the 
A, D conversion. 

One standard LSTTL load, logic I for 12-bit resolution. 
Connect to “8-bit" or “10-bit" for 8- or 10-bit resolution. 


One standard LSTTL load, a low level enables the 
3-state output. 

TTL compatible. 10/u A maximum input current. 

Logic 0 = Hold mode. Logic 1 = Sample (track) mode. 
TTL compatible, 2/uA input current, logic 0 enables 
multiplexer 2 (channels 8-15). 


DIGITAL OUTPUT SPECIFICATIONS 


Parallel Data 
Outputs 
Serial Output 

pTi 

BUSY 

BUSY 

CLOCK OUT 


Address Outputs 
(AO - A3) 
DELAY OUT 


5 standard TTL loads, positive true 3-state. 

2 standard TTL loads, positive true. NRZ, time serial data 
output beginning with Dl 1 (see Timing Diagram). 

5 standard TTL loads, positive true, 3-state. 

5 standard TTL loads, low during A / D conversion. 

5 standard TTL loads, high during A; D conversion. 3-state 
5 standard TTL loads, for synchronizing serial out data 
(see Timing Diagram). 

5 standard TTL loads, positive true 

5 standard TTL loads, high during delay period, triggered 
by Strobe input. 


SIN/ DIF 5 standard TTL loads, high while addressing channels 0-7. 

low while addressing channels 8-15. This output can go as high 
as 12V. It is still TTL-compatible with Io H limited to 
<20/jlA above 5 V. 
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SPECIFICATIONS 


ELECTRICAL 

Typical at Ta = +25°C and rated power supplies unless otherwise noted. 


PARAMETER 

MIN 

TYP 

WTV 


TRANSFER CHARACTERISTICS | 

Resolution 

12 



Bits 

Number of Analog Channels 

16SIN/8DIF 


Throughput Rate i Normal mode 





SDM854AG 

33 

35 


kHz 

SDM854BG 

Throughput Rate (Overlap mode) 

25 

27 


kHz 

SDM854AG 

38 

40 


kHz 

SDM854BG 

27 

29 


kHz 

ANALOG INPUTS | 

ADC Input Voltage Ranges 

0 to +10, ±5, 

±10 

V 

Mux Input Voltage Range 





Absolute max without damage 



±35 

V 

For linear operation 



±15 

V 

Mux Input Impedance, OFF Channel 



ion 

11 

Mux Input Impedance, ON Channel 


1.5 

1.8 

kll 

Input Leakage, OFF Channel 

Output Leakage, All 


0.02 


nA 

Channels Disabled 

Output Leakage with 


0.2 


nA 

Input Overvoltage of 





+35V 


1 


nA 

-35V 


1 


mA 

| TEMPERATURE STABILITY | 

System Accuracy 





Unipolar 


±15 

±25 

ppm/°C 

Bipolar 


±10 

±20 

ppm/°C 

Linearity Drift 



.'±2 

ppm/°C 
of FSR 

| REFERENCE VOLTAGES | 

Positive Output 

+2.490 

+2.500 

+2.510 

V 

Positive Output Drift 


±5 

±10 

ppm/°C 

Negative Output 

-6.0 

-6.4 

-6.8 

V 

Negative Output Drift 


±15 

±10 

ppm/°C 

ACCURACY ] 

Throughput Accuracy 





Oto +10V, ±5V, ±10V, AG 



±0.048 

% of FSRd) 

Oto +10V, ±5V, ±10V, BG 

Linearity 



±0.024 

% of FSR 

AG 



±0.024 

% of FSR 

BG 

Differential Linearity 



±0.012 

% of FSR 

AG 


±0.024 

±0.048 

% of FSR 

BG 


±0.012 

±0.024 

% of FSR 

Quantizing Error 



±0.012 

% of FSR 

System Gain Error(2) 


±0.1 

±0.3 

% 

System Offset Error(2) 


±0.1 

±0.3 

% of FSR 

Power Supply Sensitivity +15V 


±0.0007 


%/%AV 

Power Supply Sensitivity -15V 


±0.0007 


%/%AV 

Power Supply Sensitivity +5V 


±0.001 


%/%AV 

DYNAMIC ACCURACY | 

Sample/Hold Characteristics 
Aperture Time 


100 


nsec 

Acquisition Time 


10 


Msec 

Feedthrough (10V step) 


±1.4 


mV 

OUTPUTS | 

Digital Output Coding 

1 I 

Binary, Offset Binary, 



Two’s Complement 


Serial Output Coding 

Nonreturn to zero (NRZ ) 


ADC Conversion Time(3) 


25 

30 

Msec 

Clock Frequency(3) 


520 


kHz 

Delay! 4 ) 


15 


m sec 


PARAMETER | MIN | TYP | MAX | UNITS~ 

POWER REQUIREMENTS 


Rated Voltage for Specified Accuracy 

±14.5 

±15 

±15.5 

V 


+4.75 

+5 

+5.25 

V 

Quiescent Current 





+15VDC 


+10 

+20 

mA 

-15VDC 


-35 

-50 

mA 

+5VDC 


+170 

+220 

mA 

Power Dissipation 


1300 

1750 

mW 

ENVIRONMENTAL 

Specification Temperature Range 

-25 


+85 

°C 

Operating Temperature Range 

-40 


+85 

°C 

Storage Temperature Range 

-55 


+125 

°C 


NOTES: 

1. FSR means Full Scale Range <FSR is 20V for ±10V range i. 

2. Adjustable to zero. 

3. Conversion time and clock frequency can be externally adjusted from 
13/xsec ifciock= 1 OMHz' to 110/iSec ' fciock = 118kHzi. iConv. times are 
for 12-bit resolution. > (See Figure 9. i 

4. Can be externally adjusted from 3^isec to 300/usec. 


PIN DESIGNATIONS 


NC 

1 

80 

NC 

MUX OUT HI 

2 

79 

NC 

NC 

3 

78 

MUX OUT LO 

CH7 

4 

77 

CH15/RET7 

CH6 

5 

76 

CH14/RET6 

CH5 

6 

75 

CH13/RET5 

CH4 

7 

74 

CH12/RET4 

CH3 

8 

73 

CH11/RET3 

CH2 

9 

72 

CH10/RET2 

CHI 

10 

71 

CH9/RET 1 

CH0 

11 

70 

CH8/RET0 

MUX ENABLE 2 

12 

69 

NC 

MUX ENABLE I/A3 OUT 

13 

68 

S/H IN 

SIN/DIF 

14 

67 

S/H OFFSET ADJUST 

A2 OUT 

15 

66 

S/H CONTROL 

A1 OUT 

16 

65 

+15VDC 

A0 OUT 

17 

64 

-15VDC 

CLEAR 

18 

63 

ANA COM 

A0 IN 

19 

62 

S/H OUT 

A1 IN 

20 

61 

-6.4V REF OUT 

A2 IN 

21 

60 

10V RANGE 

A3 IN 

22 

59 

BIPOLAR OFFSET 

LOAD 

23 

58 

20V RANGE 

BUSY 

24 

57 

+2.5V REF IN 

DIG COM 

25 

56 

ENABLE 2 

SHORT CYCLE 

26 

55 

+2.5VREF OUT 

10-BIT RESOLUTION 

27 

54 

ENABLE. 1 

8-BIT RESOLUTION 

28 

53 

ENABLE 3 

DO LSB 

29 

52 

SERIAL OUT 

D1 

30 

51 

CLOCK OUT 

D2 

31 

50 

CLOCK RATE ADJUST 

D3 

32 

49 

+5VDC 

D4 

33 

48 

STROBE 

D5 

34 

47 

DELAY ADJUST 

D6 

35 

46 

TRIG 

D7 

36 

45 

DELAYOUT 

D8 

37 

44 

Dll 

D9 

38 

43 

BUSY 

D10 

39 

42 

BUSY ENABLE 

Dll MSB 

40 

41 

Dll ENABLE 







Temperature (°C) P o 0 % J :SR Error/% -^ v cc 



TYPICAL PERFORMANCE CURVES 


POWER SUPPLY REJECTION 
VS POWER SUPPLY 
RIPPLE FREQUENCY 


A/D CONVERSION TIME VS CLOCK RATE 
CONTROL VOLTAGE. 12-BIT RESOLUTION 


SYSTEM ACCURACY DRIFT 
Unipolar ,Bi 



10 100 Ik 10k 100k 1M 

Frequency (Hz i. 


0 10 20 30 40 50 60 

Conversion Time (juseci, 12-Bit Resolution 


-40 -25 0 25 50 70 85 

Temperature (°C) 


CASE TEMPERATURE VS TIME WITH 
NO HEAT SINK OR AIR FLOW 



10 

Time (min) 


A/D CONVERTER LINEARITY ERROR 
VS CONVERSION TIME 


£ 0.2M/2LSBH 
f? 0.195 -g-BitP 


® 0.05 .1/2LSB — 

3 0.0485 10-Bit I ,3; 

00122 — MM ■ 


5 10 15 20 

Conversion Time (/useo 


A/D CONVERTER DIFFERENTIAL 
LINEARITY ERROR VS 
CONVERSION TIME 

1 8-Bit 

0.2 -1/2LSB 

’• 195 ~F-BiT| . 


i 0 05L 1/2LSB X 
! 0.0485 t=t0-Bit— 


t 


r 




10-Bit 




12-Bit 






5 10 15 20 

Conversion Time (jusec) 
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DESCRIPTION OF PIN FUNCTIONS 


NUMBER 

DESIGNATION 

DESCRIPTION 

Pin 1 

NC 

No connection. 

Pin 2 

MUX OUT HI 

High output of the analog input multiplexer. Connect to pin 78 ( M UX OUT LO) and pin 68 (S/ H/ IN) for single- 
ended input operation. 

Pin 3 

NC 

No connection. 

Pins 4 thru 1 1 

CH7-CH0 

The first 8 (of 16) analog inputs for single-ended operation or for 8-channel differential input operation. 

Pin 12 

MUX ENABLE 2 

Connect to pin 14 (SIN/ DIF) for single-ended input operation. Connect to pin 13 (MUX ENABLE l)for 
differential input operation. 

Pin 13 

MUX ENABLE 1/ 

A3 OUT 

Leave open for single-ended input operation. Connect to pin 12 (MUX ENABLE 2) for differential input 
operation. Also, A3 output line. 

Pin 14 

SIN/DIF 

Single/ Differential input operation. Connect to pin 12 (MUX ENABLE 2) for single-ended operation. 

Leave open for differential input operation. 

Pins 15, 16, 17 

AO OUT - A2 OUT 

Output lines from input channel address latch (A3 OUT is on pin 13). 

Pin 18 

CLEAR 

A low on this line clears the address latch causing the SDM854 to address channel 0 regardless of the 
information present on AO IN - A3 IN. Connect to +5VDC or to user logic circuitry. 

Pins 19,20,21,22 

AO IN - A3 IN 

Address lines that select one of 16 analog input signals (CH0-CH15). 0000 selects channel 0 and 1 1 1 1 selects 
channel 1 5. Connect A3 to ground for 8-channel differential operation. The address is latched with a positive TTL 
edge on the LOAD (pin 23). 

Pin 23 

LOAD 

A positive TTL edge on this pin latches the input channel address present on AO IN - A3 IN (pins 19, 20, 21, 22). 

Pin 24 

BUSY 

This signal will be low during the A/ D conversion ( a «25//sec). Output data is not valid while this signal is low. 
Connect to S/H CONTROL (pin 66). 

Pin 25 

DIG COM 

Digital common. Connect to ANA COM (pin 63) as close to the SDM854 as possible. 

Pin 26 

SHORT CYCLE 

This pin allows short cycling the A/ D converter for lower resolutions thereby obtaining faster conversion times. 
Connect to +5VDC (pin 49) for 12-bit resolution, (pin 27) for 10-bit resolution, or (pin 28) for 8-bit resolution. 

Pin 27 

10-BIT RESOLUTION 

To short cycle to 10-bit resolution connect to pin 26. Otherwise, make no connection. 

Pin 28 

8-BIT RESOLUTION 

To short cycle to 8-bit resolution, connect to pin 26. Otherwise, make no connection. 

Pjns 29 thru 40 

D0-D11 

1 2-bit data bus, 3-state low power Schottky TTL-compatible. 

Pin 41 

Dll ENABLE 

D1 1 (pin 44) is enabled when D! 1 ENABLE is low. 

Pin 42 

BUSY ENABLE 

BUSY (pin 43) is enabled when BUSY ENABLE is low. 

Pin 43 

BUSY 

3-state output that will be high only while an A/ D conversion is in process. Output data is not valid while this signal 
is high. 

Pin 44 

DM 

MSB. Use instead of D1 1 when two’s complement output is required. 

Pin 45 

DELAY OUT 

This pulse is used to delay the beginning of the A/ D conversion to allow for the settling of the multiplexer and 
sample/ hold. 

Pin 46 

fRIG 

A negative TTL edge on this pin initiates the A/ D conversion. Connect to DELAY OUT (pin 45). 

Pin 47 

DELAY ADJUST 

When the SDM854 is addressed, an internal delay of approximately 15/usec is initiated to allow for multiplexer and 
sample/ hold settling time. The delay can be shortened for fester lower-resolution operation. 

Pin 48 

STROBE 

A negative TTL edge on this pin initiates the DELAY OUT pulse. 

Pin 49 

+5VDC 

-f5VDC at 200mA maximum, 170mA typical. 

Pin 50 

CLOCK RATE ADJUST 

Varying the voltage at this pin changes the clock frequency and thereby changes the conversion speed of the A/ D 
converter. Connect to DIG COM (pin 25) for 12-bit operation (25/usec A/ D conversion time). Connect to 
+5VDC for 10-bit operation and connect to +I5VDC for 8-bit operation (see page 11). 

Pin 51 

CLOCK OUT 

A / D converter clock output. Output is present only during A / D conversion. N + 1TTL pulses are output at a 
520kHz rate where N is the resolution. 

Pin 52 

SERIAL OUT 

Serial output data in N RZ format is synchronous with CLOCK OUT(pin 5 1 ) signal. Use negative edge of CLOCK 
OUT to strobe each bit. 

Pins 53, 54, 56 

ENABLE 3/ 

ENABLE 1/ 

ENABLE 2 

3-state enable lines for data bus D1 1 - DO (MSB = Dll). ENABLE 1 (pin 54) enables D1 1 - D8; 

ENABLE 2 (pin 56) enables D7 - D4; ENABLE 3 (pin 53) enables D3 - DO. A low on the enable line enables 
data outputs. 

Pin 55 

+2.5V REF OUT 

Positive voltage reference output. Connect to REF IN (pin 57) (through 500) for unipolar or bipolar operation 
(unless an external reference is used). Also connect to BPO (pin 59) (through 250) for bipolar operation. 

Pin 57 

+2.5V REFIN 

Reference voltage input. Connect to +2.5V REF OUT (pin 55) (through 500 resistor or 1000 pot) or use 
external +2.5 V reference (+2.5 V ±10mV at 0.5mA required). 

Pin 58 

20V RANGE 

A/D converter input resistor. Leave open unless an external IA with a gain greater than 2 is used. 

(Input multiplexers are limited to ±6V maximum input voltage.) 

Pin 59 

BIPOLAR OFFSET 

A / D converter bipolar offset. Connect to REF OUT (pin 55) through a 250 resistor or a 500 pot for bipolar 
operation. Leave open for unipolar operation. 

Pin 60 

10V RANGE 

A / D converter input resistor. Using without IA: connect to S / H OUT (pin 62) for ±5V max input operation. 

Pin 61 

-6.4V REF OUT 

Negative voltage reference output. Maximum current drain from this point without degradation of specifications 
is 200/u A. 

Pin 62 

S/H OUT 

Sample/ hold output. Connect to 10V RANGE (pin 60) or 20V RANGE (pin 58) for normal operations. 


6 
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DESCRIPTION OF PIN FUNCTIONS 


NUMBER 

DESIGNATION 

DESCRIPTION 

Pin 63 

ANA COM 

Analog common. Connect to DIG COM (pin 25) as close to the SDM854 as possible. 

Pin 64 

-15V DC 

-15VDC at 30mA typical. 

Pin 65 

+ 15VDC 

+ 15VDC at 30mA typical. 

Pin 66 

S/H CONTROL 

A low signal on this line causes the sample/ hold to enter the hold mode. Connect to BUSY (pin 24). 

Pin 67 

S/H OFFSET ADJUST 

Offset adjust for sample/ hold (see Figure 8). 

Pin 68 

S/H IN 

Input to sample/ hold amplifier. Connect to MUX OUT HI (pin 2) and MUX OUT LO (pin 78). 

Pin 69 

NC 

No connection. 

Pins 70 thru 77 

CH8-CH 15 

RETO - RET7 

Analog inputs 8 through 15 for single-ended operation or analog returns 0 through 7 for differential input 
operation. 

Pin 78 

MUX OUT LO 

Multiplexer output for CH8-CHI5 (single-ended) or RET0-RET7 (differential). Connect to MUX OUT HI 
(pin 2) and S/ H IN (pin 68) for single-ended operation. 

Pin 79 

NC 

No connection. 

Pin 80 

NC 

No connection. 



FIGURE 2. Connection Diagram for SDM854 Operating Under These Conditions: 

Analog Input: Bipolar, single-ended; Reference Voltage: Internal; Resolution: 12-bits; Mode: Normal; 
Digital Output: Binary. 
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SETUP PROCEDURE 

INPUT CONNECTIONS 

Unused analog inputs must be connected to ANA COM, 
pin 63. When long leads are connected to the inputs, care 
must be taken that leads do not pick up excessive noise 
from external equipment and wiring. When low-level 
applications are undertaken, it is usually advisable to 
operate the system as an 8-channel, differential input 
system. This will require an external differential amplifier 
to be wired in between the output of the multiplexer and 
the sample, hold amplifier. In this way any noise will be 
common to both input wires, and will be rejected by the 
instrumentation amplifier. For best noise rejection use 
twisted shielded pair cable. The inputs of the SDM854 
are protected from damage by voltage as high as ±35 
volts and from short spikes well in excess of this for a few 
microseconds; however, careful wiring and cable routing 
practices are recommended. 

Single-Ended Inputs 

For single-ended inputs connect pin 2 and pin 78 (MUX 
OUT HI and MUX OUT LO) to pin 68 (SAMPLE/ HOLD 
amplifier input), all unused inputs to the multiplexerand 
all signal returns to pin 63 (ANA COM). 

Differential Inputs With External 
Instrumentation Amplifier 

Connect the signal inputs to pins 4 through 1 1 , and their 
returns to 77 through 70. Connect pin 12 to 13. Connect 
pins 2 and 78 to the noninverting and inverting input of 
the amplifier respectively. The output of the amplifier is 
connected to pin 68. 

SAMPLE/HOLD 

Connect S/ H CONTROL, pin 66, to the ADC BUSY 
output, pin 24. 

ANALOG-TO-DIGITAL CONVERTER INPUT 
VOLTAGE RANGE 

The analog-to-digital converter is essentially a current 
input device having a current input range of 0 to 2mA. 
The input may be considered a virtual ground summing 
point. To convert voltage to current, a center tapped 
lOkH resistor is internally connected to this summing 
point. This is illustrated in Figure 3. 

The interconnection of the ADC pins and the S/ H OUT, 
pin 62, are shown in Table I. 


TABLE I, ADC Range Jumpers. 


Input Range (V) 

Jumper 

0 to +10 

59 Open, 60 to 62, 58 Open 

-5 to +5 

59 to 55, 60 to 62, 58 Open 

-10 to +10 

59 to 55, 58 to 62, 60 Open 


NOTE: Input ranges in Table I apply to ADC only. 


OUTPUT CODE 

For unipolar binary and offset binary use D1 1 (pin 40) 
for the most significant bit. Two’s complement binary is 


obtained by using pin 44, D 1 1 , as the most significant bit. 
One’s complement code may be obtained by a different 
offset adjustment in the calibration procedure. Two’s 
complement and one’s complement codes are usually 
used only for bipolar signal ranges. For 1 2-bit resolution, 
SHORT CYCLE ( pin 26) is left open or taken to +5 V DC. 
Connect pin 26 to pin 27 (10-bit) or pin 28 (8-bit) to 
obtain lower resolution. The conversion time will be 
shortened by the following formula: 

(Conversion Time) = (25/usec) x [1 - ( 1 2-R / 13)] 
where R is the resolution desired. 



NORMAL AND OVERLAP MODE 

The two basic modes of system operation are normal and 
overlap. In normal operation the channel address, N, is 
loaded or clocked into the address latch. The addressed 
channel will remain selected during its analog-to-digital 
conversion. In overlap mode channel N + 1 is selected 
while channel N is being converted. This can be used to 
increase the system throughput rate by allowing the 
multiplexer and external instrumentation amplifier to 
settle while a conversion is being made. In this way the 
throughput rate is limited by the sample/ hold acquisition 
time and the analog-to-digital converter conversion time. 
For this reason, the overlap mode is more desirable for 
low-level signals. Table II and Figures 4 and 5 provide 
additional timing details. At high signal levels a high 
source resistance may increase the multiplexer settling 
time to an extent which makes the overlap mode 
desirable. 

Normal Mode Connections 

Connect DELAY OUT, pin 45 to TRIG, pin 46. 
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Overlap Mode Connections 

Connect BUSY, pin 24 to STROBE, pin48, and DELAY 
OUT, pin 45 to TRIG, pin 46. Adjust the delay as 
described in the following paragraph. 

DELAY ADJUSTMENT 

The delay timer may be adjusted with an external 
capacitor or resistor from DELAY ADJUST (pin 47) to 
+5VDC. A capacitor will increase the delay to allow for 
increased settling time while a resistor will decrease the 
delay to allow for increased throughput rate with an 
external high speed instrumentation amplifier or lower 
resolution operation. 

The values of R and C versus delay are shown in Figures 6 
and 7. 


GROUNDING CONSIDERATIONS 

The circuit configuration of a high speed successive 
approximation A D converter is such that low-level 
analog and digital signals are in close proximity. In fact 
the two circuits are actually interconnected; for this 
reason no AC noise voltage should be allowed to exist 
between digital and analog ground. Digital and analog 
ground should be connected as close to the unit as 
possible. In a typical application an SDM module will be 
used near a computer. For best results the SDM digital 
ground should be connected to the computer’s +5VDC 
supply ground at the supply terminal. The ±15VDC 
supply ground should be left floating, if possible. The 
Burr-Brown Model 546 +5VDC to ±15VDC DC/ DC 
converter is a convenient way to do this. For single-ended 
systems, signal returns are connected to analog ground. 
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FIGURE 6. Typical Capacitor Value to Increase Delay 


Time* 



FIGURE 7. Typical Resistor Value to Decrease Delay 
Time.* 

*Capacitor or resistor is connected from pin 47 to +5V supply. ' 


CALIBRATION PROCEDURE 

GAIN AND OFFSET ADJUSTMENT 

External gain and offset adjustment potentiometers are 
shown in Figure 8. Cermet pots with a T.C.R. of 
±100ppm/°C or less should be used. The adjustments 
shown each have a range of ±0.39c of the Full Scale 
Range. 

If adjustment of gain and offset is not required R 1 and R2 
should be replaced with 25(1 and 50(1 resistors respective- 
ly. These resistors should be low T.C. (<±100ppm l ’C) 
metal film or equivalent. 

The S / H OFFSET ADJUST (pin 67) may be used as a 
fine offset adjustment. 

The easiest way to calibrate the device is to connect a 
voltage source to multiplexer input CHO(eitherdifferen- 
tial or single-ended input operation may be used). 
Channel zero will be addressed by simply connecting 
CLEAR to DIG COM. 

After the CHO voltage source has been addressed, set it to 
the most negative value of the input range being used plus 
1 2LSB. Twelve-bit LSB voltage value s are give n in 
Table 111. Connect a triggering source to STROBE and 



BIPOLAR 



FIGURE 8. External Gain and Offset Adjustment. 

adjust the offset potentiometer until all output bits are 
logic 0 with bit D0 dithering between logic 0 and 1. 
Change the source voltage to the most positive value of 
the input range minus 3/ 2LSB. Adjust the gain potentio- 
meter until all output bits are logic 1 with bit DO dithering 
between logic 1 and 0. When a resolution less than 1 2 bits 
is used, the LSB voltage is given by the formula in Table 
II where N is the number of output bits. One’s comple- 
ment coding is obtained by shifting the previous adjust- 
ments up by 1/2LSB using the offset potentiometer. 


TABLE II. LSB Values for 12-Bit Resolution. 


| LSB (Volts) = ( Range >/( 2 N ) 

Range 

LSB Voltage ( 1 2-Bits ) 

5V 

1.22mV 

10V 

2.44mV 
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CLOCK RATE ADJUSTMENT 

To obtain higHer throughput rates at lower accuracy the 
A/D clock rate can be adjusted by varying the voltage on 
the clock rate adjust pin. This point should be connected 
to digital common for 1 2-bit accuracy, +5 V DC for 1 0-bit 
accuracy, or + 15VDC for 8-bit accuracy giving conver- 
sion times of 25^sec, 15/xsecand 10/xsec respectively. The 
conversion speed can also be continuously varied from 
about 13/usec to 110/xsec (12-bit resolution) with a 
potentiometer as shown in Figure 9. 



CHECKOUT PROCEDURE 


Checkout is essentially accomplished by the calibration 
procedure. Before the unit is plugg ed into a new installa - 
tion, it is well to g o over the p in connection list to be sure 
that all 80 pins have been pro per l y connected in the setu p. 
Linearity and monotonicity may be verified by varying 
the input voltage over the complete range during the 
calibration procedure. 

LATCH 

Latch operation can be verified by connecting a pulse 
generator to the LOAD input. The address inputs (AO IN 
- A3 IN) should appear at the address outputs (AO OUT 
-A3 OUT). 

MULTIPLEXER 

To check the multiplexer connect a voltmeter to the 
multiplexer output ( pin 2 and pin 78) and observe that the 
output changed when the address was changed. 

SAMPLE/HOLD 

The sample/ hold circuit can be checked during the 
calibration procedure by obser\ ing the output of the S H 
OUT(pin 62) with an oscilloscope. The waveform should 
be approximately as in Figure 10. 


- Delay ■« 


A/D Conversion 
25jusec 


1 Z5(usec s — i — 

mioot 


Charge 
Offset 
5mV to 15mV 


FIGURE 10. Sample/ Hold Output Waveform. 


The charge offset will vary in a linear manner from about 
5m V for-10Vto 15mV for + lOV. This is compensated for 
by the offset and gain adjustments of the A D converter. 
The spikes during conversion are normal noise caused by 
the converter operation. 

ANALOG-TO-DIGITAL CONVERTER 

The ADC can be checked out as an individual circuit 
element. Connect a fixed voltage to either 20V RANGE 
(pin 58) or 10V RANGE (pin 60). After adjusting the gain 
and offset errors as described on page 10, the digital 
output shouid represent the analog input as shown in 
Table III. To enable the three-state buffers, pins 53. 54 
and 56 should be connected to logic 0. 


TABLE III. Delay Timer Settings for Specified Settling 
Time Accuracies Using an External Burr- 
Brown 3630 Instrumentation Amplifier. 


Full Scale 
Input 
Range 

ADC 

Range 

Amplifier 

Gain 

Resolution 

Delay Timer 

Setting ,usec 





To 

±0.2% 

To 

±0.05% 

To 

±0.01% 

20Vi±10V i 

-10 to +10 

1 ! 

4.88mV 

60 

.75 

100 

IV 

0 to +10 

10 ' 

244 m V 

50 

60 

75 

0.1V 

Oto +10 

100 

24.4/iV 

100 

115 

150 

lOmV 

Oto +10 

1000 

2.44 m V 

500 

700 

1000 


In overlap, when the external amplifier multiplexer 
settling time is less than the ADC conversion time, set the 
delay timer for the ADC conversion time plus the 
sample hold acquisition time (30/xsec plus 10/isec). When 
the external amplifier multiplexer settling time exceeds 
the ADC conversion time plus the S/ H acquisition time, 
set the delay timer for the external amplifier multiplexer 
time. 

APPLICATION NOTES 

CHANNEL CAPACITY EXPANSION 

The SDM854 may be easily expanded to any number of 
channels by using Burr-Brown Models MPC8D and 
MPC16S. The MPC8D is an 8-channel double-ended 
multiplexer, and the MPC16S is a 16-channel single- 
ended multiplexer. The devices are CMOS FET units 
which can operate from supply voltages up to ±20VDC. 
They feature latch-free operation with full input protec- 
tion. Binary decoding and level shifting circuits are 
included. Logic levels are jumper selectable for TTL or 
CMOS. Packaging is a 28-pin DIP. 

There are two methods for using these devices for channel 
capacity expansion. The SDM854 multiplexer may be 
expanded by shunt or series connected multiplexers. 
Shunt connection refers to connecting the output of 
several multiplexers together and enabling each in se- 
quence. The disabled devices present a very high resistance 
to the common output line. The disadvantages to this 
scheme are increased leakage current and output capaci- 
tance. For these reasons shunt connections are usually 
used only when it is desired to expand the capacity by a 
factor of two or three. A shunt connected system logic 
diagram is shown in Figure 1 1. Forty-eight single-ended 
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FIGURE 1 1. Shunt Connected Multiplexer System, 

32 Single-Ended Channels. 

channels are indicated; however, 24 double-ended chan- 
nels could easily be realized by using two M PC8D’s and 
connecting the two-sided outputs appropriately. For 
large systems series connected expansion is usually used. 
In this method the outputs of a second tier of multiplexers 
are connected to the inputs of the SDM854 multiplexer. 
This allows up to 256 single-ended or 128 double-ended 
channels to be addressed. A third tier can be used for 4096 
single or 2048 double-ended channels. A logic diagram of 
a series system is shown in E'igure 12. Double-ended 
operation can be obtained by using the M PC8D instead 
of the M PC16S and connecting the SDM854 fordouble- 
ended operation. 

SEQUENTIAL ADDRESSING 

Simply adding an external counter will allow sequential 
addressing of all 16 input channels (see Figure 13). 

MULTIPLEXER CIRCUIT OPERATION 

At the address and enable inputs a voltage is interpreted 
as a logic “ 1 ” if it is greater than 2.4 volts; and “0” if less 
than 0.8 volts. 

When an input channel has been selected the “on 
resistance” from input to output is 3k(l. The input 
capacitance for each channel is approximately 7pF, while 
the output capacitance is approximately 25pF for each 
8-channel multiplexer. A circuit model of an ON channel 
is shown in Figure 14. 



CLOCK A1 A2 A4 A8 A16 A32 A64 A128 


FIGURE 12. Series Connected Multiplexers, 256 Single- 
Ended Channels (Sequential Addressing). 



FIGURE 13. Sequential Addressing. 


3kn 

- AAA _ ^ 


i 7pF 
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zL 25pF 

T 



4 

(Each 8-channel multiplexer) 


FIGURE 14. ON Channel Circuit Model. 
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This model is very important when high speed switching 
of high output impedance sources is required. For 
example, if the full accuracy and resolution of the system 
is required, the signal at the output of the multiplexer 
must be allowed to settle to about 0.0 FT. If the source 
impedance is lkH, the 7pF can be neglected and the 
multiplexer has a time constant of 2.8kfl x 50pF = 
140nsec. It requires approximately 9 time constants to 
settle to 0.0 19r; 1.26/usec is well within the I5/usec of the 
SDM854 delay timer. However, if the source impedance 
had been lOkfl, the 0.0 FT settling time would have 
approached 6/usec. For high speed multiplexing of higher 
impedance sources, it will usually be desirable to parallel 
the 7pF input capacitor with a large capacitor; however, 
this could limit the source bandwidth. In any case there is 
no point in making it any larger than 10 4 times the output 
capacitance, or 0.5/a F. When this size storage capacitor is 
used, the output time constant is 1 .8kfl x 50pF = 90nsec. 
This means that the system settling time is essentially 
determined by the settling time of a differential amplifier 
and sample hold circuit. For switching of large signals it 
must be remembered that the ON resistance is the 
channel resistance of a FET, and, as such, it is a nonlinear 
function of the applied voltages. Any FET will current 
limit at its loss value. As a result, the previous calculations 
are only an approximation derived from a linearized 
model. The settling time to 0.0 FT for a 20V step is 
approximately 4.0/xsec for source impedance less than 
lkH. 

The analog and digital inputs have reverse biased diode 
circuits which prevent damage from discharge of static 
electricity. However, it is still wise to take reasonable 
precaution against static discharge. 

BINARY SCALING 

Binary scaling of the A D converter provides LSB 
voltages of 2.5mV, 2.5mV, and 5.0mV for voltage ranges 
of 0 to 10.24V, -5.12V to +5. 12V, and -10.24V to ±10.24 
respectively. These may be obtained by adding external 
resistors in series with input resistors of the A D 
converter. Metal film resistors with temperature coeffi- 
cients of less than lOOppm °C are recommended. This is 
shown in Figure 15. 



FIGURE 15. Binary Scaling. 


USING AN INSTRUMENTATION AMPLIFIER 
WITH THE SDM854 

When low-level signals are being converted, such as with 
thermocouples, strain gauges, etc., it will be necessary to 
use an instrumentation amplifier ( 1 A) with the SDM854 
to utilize the full dynamic range of a 12-bit system. This 
can be done by connecting the I A between the multiplexer 
and sample hold amplifier because the output of the 
multiplexer and the input of the sample hold amplifier 
are both brought out separately on the S DM854. 

There are two ways an external I A can be connected to 
increase the versatility of the system. The most accurate 
way is to use the amplifier in a true differential mode as 
shown in Figure 1 6. w here a Burr-Brown 3630 is connected 



FIGURE 16. Instrumentation Amplifier Connection for 
True Differential Input. 


to the SDM854 for differential operation. T his configur- 
ation is ideal where the input lines run over a long 
distance or through noisy environments. For best results 
the input links should be in twisted shielded pairs with the 
shield grounded at one end to prevent ground loop 
currents from forming. 

A second way to use an I A is in the pseudo-differential 
mode as shown in Figure 1 7. This method is ideal if all of 



FIGURE 17. Instrumentation Amplifier Connection for 
Pseudo-Differential Input. 
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the input signals come from the same general area and at 
the same ground potential. In this application the 
inverted input of the IA can be used as a ground sense 
line. The I A will then reject the difference in ground 
potential and any common noise pick up from the ground 
sense line and the signal path. Care should be taken to 
match the impedance to ground from both inputs of the 
IA. This will insure the rejection of bias current effects 
from the IA. For better noise rejection the input lines 
should be grouped and shielded with the shield grounded 
at one end as in the true differential connection. One 
advantage of the pseudo-differential connection is that 
the multiplexers are operated in the single-ended mode 
allowing for 1 6 d ifferent input signals versus only 8 inputs 
in the true differential operation. 

In both the true differential and pseudo-differential 
operation care should be taken in choosing the correct I A 
to maintain the high accuracy and linearity of the system. 
Some of the important characteristics are: 

1 . Linearity error ^ 0.0 1 2% at all gains 

2. Offset current drifts 1 / 2LSB/(Gain)(R S m.rLc)AT 

3. CMRR > CM si j,nai/ 1 2LSB 

4. Offset voltage drift < 1 / 2LSB/(GAIN) AT 

5. High input impedance > R SOU rce x 10 4 

The importance of initial offsets are somewhat minimized 
by the capability to cancel out offset at several points in 
the system. The Burr-Brown 3630 was chosen for this 
application because of its high linearity, good drift spec 
and CM RR characteristics. Some of the accuracy calcula- 
tions for the Burr-Brown 3630 are as follows: 
Nonlinearity = ±0.002 + 10 " (Gain) % FS at G ^ 100 
nonlinearity is ^ 0.003%FS 
Input impedance = 10 9 H so source impedance up to 
lOOkfi can be used. 

Voltage offset drift at Gain = 100 
0.25;u V/°C< 1.22mV 100AT so AT < 49°C 

for errors ^ 1 2LSB. 

CMRR at Gain = 100 is 1 lOdB 
CM range = 10V 1.22mV = 78dB. 


THERMOCOUPLE TEMPERATURE 
ACQUISITION 

Thermocouples are often used as temperature sensors for 
process control systems. Thermocouples are characterized 
by temperature coefficients of 10 /x V/ °C to 70juV/°C and 
operating ranges of minus hundreds to plus thousands of 
degrees centigrade. When the S DM854 is operated with 
an external instrumentation amplifier gain of 100 to 
1000, it may be connected directly to these devices. 
However, electronic instrumentation is usually mounted 
in a temperature controlled environment with long runs 
of thermocouple wire to the actual point of temperature 
measurement. These long wire runs often pick up large 
common-mode noise signals of 60 Hz or higher frequencies. 
When the SDM854 is used as an 8-channel differential 
input system, the high common-mode rejection of the 
external instrumentation amplifier will reject common- 
mode noise. To minimize differential mode noise, signal 
wires should be twisted and possibly shielded. As a rule, 
an open twisted pair is better than a coax, and a shielded, 
twisted pair better still. In applications where these 
wiring practices cannot always be observed, a differential 
RC filter may be used (see Figure 18). 

The lOkfl resistors and a 10 m F capacitor provide low- 
pass filtering (f, — 0.8Hz) while the 1 Mil resistors supply 
bias current to the instrumentation amplifier. The remote 
sensor should be earth grounded to prevent common- 
mode voltages from exceeding the ± 1 5 V range of the 
multiplexer. This will usually supply bias current; how- 
ever, the resistors provide a back up. It is not obvious 
what resistance the bias currents of the amplifiers will see. 
The 1 M(1 resistors do not enter into an error calculation 
for input drift because the low resistance of the sensor 
shorts any differential current of the amplifier. Offset or 
difference current is merely the difference between the 
bias currents of each input. See page 15 for a worst-case 
error analysis of the input filter for multiplexed data 
acquisition systems. The 1 MO resistors could have been 
put on the output side of the multiplexer eliminating the 
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need for repeating them for each input; however, this 
would have loaded the I Oldl resistors of the filter causing 
a possible 1% error for static conditions. 

To complete a thermocouple system it is necessary to 
terminate all thermocouple wire pairs at an isothermal 
box or connector strip of some type. An ordinary barrier 
strip in an enclosed cabinet with even air circulation is 
usually adequate. The temperature of this barrier strip 
must be monitored to allow the observed thermocouple 
emf to be cold junction compensated. Figure 19 shows an 
excellent circuit for this purpose. Its output is connected 
to one of the input channels to supply ambient tempera- 
ture data to the system computer. 

INPUT FILTER DESIGN FOR LOW- 
LEVEL SYSTEMS 

When the SDM854 is used to acquire low-level sensor 
data, it is often desired to place a low-pass, passive filter 
on each input. This is usually done to reduce any 
differential mode, power line frequency pickup. Figure 
20 shows such a circuit. 



FIGURE 20. Input Filter Design for Low-Level System. 


This circuit is deceptive in its simplicity. Actually four 
errors sources should be considered in its design. They 
are loading, offset current, charge transfer, and pump out 
current. 

The static loading error is simply the resistive divider 
created by the filter resistors and the 100MI1 input 
resistance. For low-level sensors, 0.1% system accuracy is 
usually adequate. Thus R should be less than 10" 3 x 
( 100MH)= lOOkO. However, if the inputs are scanned at 
a high speed, and between scans the multiplexer can be 
addressed to a unique channel having a lower resistance, 
higher filter resistance can be tolerated because the large 
filter capacitor will act as a voltage source during the 
30,usec to lOO^usec period required to read each channel. 
The filter capacitors will then recharge between scans. 
The input offset current caused by the bias currents of the 
external instrumentation amplifier as well as any leakage 
current of the multiplexer will cause an error voltage 


proportional to the size of the filter resistors (E = I ()S x 
2R). Of course, this is a static error and as for loading 
error, may not be important for some operating condi- 
tions. If all channels have the same resistance most of this 
error may be corrected by the offset adjustment of the 
analog-to-digital converter. If the offset current drift is 
O.lnA °C the error is 2R x 0. 1 nV °C. For lOkll resistors 
this would be 2/xV °C. 

When the multiplexer scans, charge will be transferred 
from the filter capacitor to the 25 pF output capacitance 
of the multiplexer. For less than 0.1 % of full scale error, 
the filter capacitor must be large than 25000pF. This 
assumes that adjacent channels may differ by the full 
scale voltage. 

Pumpout current refers to charge being transferred from 
the filter capacitor to the multiplexer capacitance at time 
intervals short enough that the filter capacitor does not 
have time to recharge between scans. At high scan rates 
this may be considered a DC current which may add to 
the offset current. Assume a 10yuF capacitor sampled 
once per millisecond. For a 20mV full scale range, the 
maximum effective current is (20mV x 25 p F) 1msec = 
0.5nA. If the filter resistors are lOkll. a 0.5nA x 20kll = 
10 /jlV error is created. 

When no input filter is used, the signal source must be 
able to charge the multiplexers and any cable capacitance 
during the channel acquisition time of the multiplexer 
and external amplifier. This is discussed on page 13. 
When all of these errors as well as the basic 2.0/uV "C 
input offset voltage drift of the external amplifier are 
considered, the overall system accuracy may be estimated. 



FIGURE 21. SDM854 Interfaced to 6800 
Microprocessor. 
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BURR-BROWN® 



SDM856 

SDM857 


HYBRID DATA ACQUISITION SYSTEM 


FEATURES 

• MINIATURE SIZE 

• LOW COST 

• 12-BIT, 0.024% ACCURACY 

• INSTRUMENT AMP OPTION 

• LOW LEVEL INPUTS (SDM857) 

• SELECTABLE 16 SINGLE, 8 DIFFERENTIAL INPUTS 
•THREE-STATE OUTPUT BUFFERS 

• 60kHz THROUGHPUT RATE WITH 8-BIT ACCURACY 


DESCRIPTION 

The SDM856 and SDM857 are complete data 
acquisition systems contained in a miniature 2.2" x 
1.7" x 0.22" (55 x 43 x 5.6mm) ceramic package. 
These systems offer all the functions available in 
large modular data acquisition systems and are 
available with an optional internal instrumentation 
amplifier (SDM857). Inputs as low as ±50mV can be 
accepted by The SDM857; thermocouples, strain 
gages, and other low level signal sensors don’t require 
external signal conditioning. Both models are fully 
expandable from the basic 16 channel single-ended 
or 8 channel differential input capability. Digital 
resolution is 12 bits with accuracy of ±0.024% at a 
throughput rate of 25kHz (SDM856KG). 
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DISCUSSION OF PERFORMANCE 


INTRODUCTION 

SDM857 contains all components necessary to multiplex 
and convert analog signals as small as 0 to +50mV and as 
high as ±5V into equivalent digital outputs. Throughput 
sampling rates are from 18kHz (12 bit resolution) to 
40kHz (8 bit resolution). A complete low drift 
instrumentation amplifier allows selection of gains from 
2 to 1000 with one external resistor. SDM856 is identical 
to SDM857, but does not include the instrumentation 
amplifier. This provides the option of adding an external 
instrumentation amplifier for specific requirements such 
as high speed, digital programming, etc. Throughput 
sampling rates as high as 60kHz (8 bit resolution) can be 
obtained with the SDM856. Both models can be 
configured to accept either 8 channel differential or 16 
channel single-ended signals and can be expanded almost 
without limit with external multiplexers. Three-state 
outputs are provided for easy interface to microprocessor 
systems. Figure 1 illustrates all system components. 


bit binary word, for differential or single-ended 
operation respectively. 

INSTRUMENTATION AMPLIFIER (SDM857 only) 
Offering low drift and high accuracy, the internal 
instrumentation amplifier may be programmed by a 
single external resistor for gains from 2 to 1000. With 
gain programming pins open, the gain is two. 

SAMPLE AND HOLD 

A complete stand alone circuit, the sample and hold 
amplifier features buffered output, lO^sec acquisition 
time, and lOOnsec aperture time. 

Input, output, and mode control lines are brought out to 
separate pins. This allows maximum system flexibility 
for performing functions, such as automatic gain 
ranging, with no loss of aperture time. 


ANALOG MULTIPLEXER 

The analog multiplexer consists of two CMOS integrated 
circuits. Pin interconnects are used to select 16 channel 
single-ended or 8 channel differential operation. In 
single-ended operation the multiplexer can be used in a 
pseudo-differential mode by connecting the amplifier 
inverting input to common remote signal ground. 
Channel selection is made by an internally latched 3 or 4 


ANALOG TO DIGITAL CONVERTER 

The ADC is a 12-bit, 25^tsec converter with 0.01% 
linearity error. Its features include positive and negative 
reference voltage outputs, external gain and offset 
adjustments, straight binary or two’s complement 
output, serial data and clock outputs, status output, a 
short cycle feature, and a clock rate control for higher 
throughput rates at lower resolution. 



FIGURE 1. SDM856/SDM857 Function Diagram. 
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DISCUSSION OF PERFORMANCE (CONTINUED) 


THREE-STATE OUTPUT BUFFERS 


SYSTEM PERFORMANCE 


Digital outputs of the ADC are internally buffered by 
LSTTL three-state buffers. Three separate enable lines 
are brought out for easy interfacing to 4, 8 or 16 bit data 
buses. Dll (MSB) and BUSY are also buffered by 
separate three-state devices, each with its own enable line. 

ADDRESS LATCH 

Outputs of the 4-bit TTL register latch are connected to 
the address inputs of the multiplexer. This latch serves as 
an address storage register for the selected analog input. 
It may be loade d through 4 address inputs. Other inputs 
are LOAD and CLEAR. The 3 least significant bits are 
used for 8 channel differential mode addressing. 

DELAY TIMER 

A delay timer allows settling time for the multiplexer, 
amplifier and sample/ hold circuits before conversion 
begins. The delay is adjustable over a wide range by use of 
an external resistor or capacitor. This allows for longer 
settling time of the instrumentation amplifier when 
operating at high gains, or shorter settling time for lower 
resolution operation. 

CHANNEL EXPANSION 

The number of analog input channels of the SDM856 
and SDM857 can be easily increased by using Burr- 
Brown’s MPC8D (8 channel differential) and MPC16S 
(16 channel single-ended) multiplexers. These are latch- 
free devices which contain internal binary decoding at 
TTL or MOS levels and may be integrated into a system 
with minimal external logic. 


SDM856 and SDM857 are configured for random 
channel selection. With the addition of an external 
counter they can be configured to a) continuously 
sequence through all analog channels or b) sequence 
through all analog channels on command from an 
external trigger. 

With the appropriate 4-bit (single-ended) or 3-bit 
(differential) channel address on the latch inputs, and 
DELAY OUT, pin 45, tied to the LOAD input, pin 23, a 
negative going edge is applied to the STROBE input, pin 
48. This starts the delay timer, latches the multiplexer 
address, and allows the input signal to pass through the 
multiplexer/instrumentation amplifier and sample/ hold 
and settle to its final value before starting the A/D 
conversion. The DELAY OUT signal (pin 45) is also 
connected to the TRIG input (pin 46) and the A/D 
conversion is initiated on the negative-going edge. The 
S/H CONTROL input (pin 66) is connected to BUSY 
(pin 24) so that the sample/ hold is in the HOLD mode 
during the A/D conversion. 

By using overlap programming the settling time effects of 
the analog multiplexer and instrumentation amplifier 
can be reduced, extending throughput sampling rates up 
to 29kHz for 12-bit and 67kHz for 8-bit resolution (ADC 
short-cycled). This mode of operation is most useful 
when converting low level inputs to accommodate the 
increased settling time of the instrumentation amplifier. 
Overlap programming is accomplished by connecting 
BUSY to STROBE and S /H CONTROL and DELAY 
OUT to LOAD and TRIG. In this mode of operation the 
address of the next channel to be converted is latched and 
the output of the instrumentation amplifier allowed to 
settle to a new value during the present conversion. 


SYSTEM TIMING DIAGRAMS 
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FIGURE 3. Overlap Operation 


ELECTRICAL SPECIFICATIONS 


Typical at 25°C and rated power supplies unless otherwise noted. 


MODEL 

SDM856 

SDM857 j 

TRANSFER CHARACTERISTICS 

MIN 

TYP 

MAX 

UNITS 

Resolution 

12 



Bits 

Number of Channels 

16 single-ended/8 differential 


Throughput Rate 





SDM856JG 

25 



kHz 

SDM856KG 

25 



kHz 

SDM857JG 

18 



kHz 

SDM857KG 

18 



kHz 

ANALOG INPUTS ! 

ADC Gain Ranges 

Ot 

o +5. ±5, ±10 

V 

Input Voltage Range 





Absolute max without damage 



±20 

V 

For linear operation 



±6 

V 

Input Impedance, OFF Channel 


5 x lO’lllO 


niipF 

Input Impedance, ON Channel 


x lO’lllOO 


mipF 

Amplifier Characteristics (SDM857 only) 





Gain Range 

2 


1000 


Gain Equation 

G = 

+ 20kfl/R„, 


Input Bias Current at +25"C 



±50 

nA 

0 to +70"C 


±1.1 


nA/"C 

Offset Current at +25”C 



±20 

nA 

0 to +70°C 


±0.6 


nA/”C 

Input Offset Voltage 


±0.1 


mV 

Input Offset Voltage Drift (G > 100) 


±4 


mV/" c 

Output Noise (10Hz - 10kHz) 





G = 100, R s = soon 


400 


/iVrms 

Common-mode Rejection (DC) G = 2 


90 


dB 

G = 1000 


97 


dB 

Sample/ Hold DC Characteristics 





Input Impedance 


10"’ 


n 

Bias Current 


50 


nA 

Output Offset Voltage 


7 


mV 

| REFERENCE VOLTAGES J 

Positive Output 

+2.490 

+2.500 

+2.510 

V 

Positive Output Drift 


±5 


ppm/ "C 

Negative Output 

-6.0 

-6.4 

-6.8 

V 

Negative Output Drift 


±5 


Ppmf'C 

1 ACCURACY 1 

Throughput Accuracy 





0 to +5V, ±5V ranges JG 



±0.048 

% of FSR ,:| 

0 to +5V, ±5V ranges KG 



±0.024 

% of FSR 

0 to +50mV, ±50mV JG (SDM857 only 



±0.11 

% of FSR 

0 to +50mV, ±50mV KG (SDM857 onl) 

) 


±0.08 

% of FSR 

Linearity (G = 1) 





JG 



±0.024 

% of FSR 

KG 



±0.012 

% of FSR 

Differential Linearity (G = 1 ) 





JG 


±0.024 


% of FSR 

KG 


±0.012 


% of FSR 

Quantizing Error 



±0.012 

% of FSR 

System Gain Error'” 


±0.1 


<7 f 

System Offset Error ( !| 


±0.1 


% of FSR 

Power Supply Sensitivity +I5V 


±0.0007 


%/% AV 

Power Supply Sensitivity -I5V 


±0.0007 


%/%AV 

Power Supply Sensitivity +5V 


±0.001 


%/%AV 


TEMPERATURE STABILITY 1 

System Accuracy Drift* Unipolar 



±25 

PPm/ "C 

System Accuracy Drift 141 Bipolar 



±20 

ppm/ "C 

Linearity Drift 



±2 

ppm of 





FSR / "C 

I DYNAMIC ACCURACY I 

Sample Hold Characteristics 





Aperture Time 


100 


nsec 

Feedthrough (10V step) 


±1.4 


mV 

Amplifier CMRR at 60Hz G = 2 


90 


dB 

Amplifier CMRR at 60Hz G = 1000 


95 


dB 

Amplifier Overload Recovery Time 


200 


MS 

OUTPUTS 1 

Digital Output Coding 

Binary, Offset Binary, 



Two’ 

s Complement 


Serial Output Coding 

Non-return to zero 

(NRZ) 


ADC Conversion Time'' 1 


25 

30 

Msec 

Clock Frequency 1 ' 1 


520 


kHz 

Delay' 6 ' SDM856 


15 


Msec 

Delay |6| SDM857 


30 


Msec 

POWER REQUIREMENTS I 

Rated Voltage for Specified Accuracy ±14.5, +4.75 

±15. +5 +15.5. +5.25 

V 

Quiescent Current 





SDM856 +15 


+ 10 


mA 

SDM856 -I5 


-35 


mA 

SDM856 +5 


+ 120 


mA 

SDM857 +15 


+ 15 


mA 

SDM857 -I5 


-40 


mA 

SDM857 +5 


+ 120 


mA 

Power Dissipation SDM856 


1300 


mW 

Power Dissipation SDM857 


1400 


mW 

ENVIRONMENTAL 1 

Specification Temperature Range 

0 


+70 

"C 

Storage Temperature Range 

-25 


+85 

"C 


TABLE I. Electrical Specifications 


NOTES: 

1. Rext is the external gain-setting resistor. (Connect between pins 1 and 80.) 

2. FSR means Full Scale Range, e.g., FSR is 10V for ±5V range. 

3. Adjustable to zero. 

4. Includes gain, offset, and linearity drifts. 

5. Conversion time and clock frequency can be externally adjusted between 13/nsec 

(f = 1.0MHz) to 1 10/zsec (f = 1 18kHz). (Conv. times are for 12-bit resolution.) 

6. Can be externally adjusted from 3/usec to 300/usec. 
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DIGITAL INPUT SPECIFICATIONS 

Address Inputs One standard LSTTL load, positive true 

(AO - A3) 

Address Coding 4-bit binary 

Load One standard LSTTL load, positive true, address loaded on 

positive edge. 

Clear One standard LSTTL load, negative true, low level clears 

latch. 

Strobe One standard LSTTL load, high-to-low transition triggers 

the delay tinier. 

TRIG Onestandard LSTTL load, a negative going edge initiates the 

A/ D conversion. 

Short Cycle One standard LSTTL load, logical I for 12-bit resolution 

connect to “8-bit” or “10-bit” for 8- or 10-bit resolution. 

Enable 1 , Enable 2,} 

Enable 3 I 

- — - — — - > One standard LSTTL load, a low level enables the 

Cm Enable | 3-state output. 

Busy Enable / 

S, H Control TTL compatible, IOjiA maiximum input current. 

Logic 0 = Hold mode. Logic 1 = Sample (track) mode. 

Mux Enable 2 TTL compatible, 2^uA input current. Logic 0 enables 
multiplexer 2 (channels 8-15). 


DIGITAL OUTPUT SPECIFICATIONS 

Parallel Data 5 standard TTL loads, positive true, 3-state. 

Outputs 

Serial Output 2 standard TTL loads, positive true, NRZ, time serial data 
output beginning with Dl l (see Timing Diagram). 

Dll 5 standard TTL loads, positive true, 3-state. 

Busy 5 standard TTL loads, low during A/ D conversion. 

Busy 5 standard TTL loads, high during A / D conversion, 3-state 

Clock Out 5 standard TTL loads, for synchronizing serial out data 

(see Timing Diagram). 

Address Outputs 5 standard TTL loads, positive true 

(AO - A3) 

Delay Out 5 s tandard TTL loads, high during delay period, triggered 

by Strobe input. 

Sin Diff 5 standard TTL loads, high while addressing channels 0-7, 

low while addressing channels 8-15. 


TYPICAL PERFORMANCE CURVES 






1 

Nonlinearity 





200 > Z 4 

E s 


Gain 100 


20 S 
1000 $ 



1 0 Gain 100 


FIGURE 4. Nonlinearity and Settling Time 
vs. Amplifier Gain 


FIGURE 5. Output Noise vs. Amplifier Gain 


THROUGHPUT ACCURACY AND TIMING RELATIONSHIPS 



System 

Gain 


V/V 

I 

856 only 

2 

857 only 

10 

857 only 

100 

857 only 

500 

857 only 


System 

Throughput Rate 

Delay Time 

Accuracy 

(Channels/ sec) 

(Msec) 

KG 

JG 

Normal 

Overlap 

Normal 

Overlap 

±0.024% 

±0.048% 

25k 

29k 

15 

35 

±0.024% 

±0.048% 

18k 

29k 

30 

35 . 

±0.035% 

±0.06% 

18k 

29k 

30 

35 

±0.08% 

±0.11% 

9k 

Ilk 

90 

90 

±0.1% 

±0.15% 

2.4k 

2.6k 

390 

390 


TABLE II. Throughput rate and delay time vs gain for normal and overlap modes. 


Full Scale Input 
Range 

ADC 

Range 

Amplifier 

Gain 

Resolution 

Amplifier/ Multiplexer 

Settling Time (Msec) 





To ±0.2% 

To ±0.05% 

To ±0.01% 

10V 

-10 to +10 

2 

2.44mV* 

8 

10 

20 

IV 

0 to +10 

10 

244mV 

12 

14 

24 

0.1V 

0 to +10 

100 

24.4mV 

65 

80 

90 

20mV 

0 to +10 

500 

4.88m V* 

320 

390 

450 


TABLE III. This table shows the delay timer setting required to allow for the settling time of the 
instrumentation amplifier to the accuracies specified. 

♦Depends on desired S/N ratio. 

In overlap, when the Amplifier/ Multiplexer settling time Multiplexer settling time exceeds the ADC conversion 

is less than the ADC conversion time, set the delay timer time plus the S / H acquisition time, set the delay timer for 

for the ADC conversion time plus the sample and hold the Amplifier/ Multiplexer settling time, 
acquisition time (10/ns). When the Amplifier/ 


6-334 





CONNECTION DIAGRAM 



FIGURE 6. Connection Diagram for power supply decoupling and gain and offset adjustment. 


PACKAGE AND PIN CONFIGURATION 


PIN CONNECTIONS 


Pin 


Pin 


*1 

I A Gain Adjust 

.41 

Dll Enable 

2 

Mux Out High 

42 

Busy Enable 

*3 

Amp In High 

43 

Busy 

4 

CH7 

44 

Dll 

5 

CH6 

45 

Delay Out 

6 

CH5 

46 

TRIG 

7 

CH4 

47 

Delay Adjust 

8 

CH3 

48 

Strobe 

9 

CH2 

49 

+5V Supply 

10 

CHI 

50 

Clock Rate Adjust 

11 

CH0 

51 

Clock Out 

12 

Mux Enable 2 

52 

Serial Out 

13 

A3 Out 

53 

Enable 3 

14 

Single/ Differential 

54 

Enable 1 

15 

A2 Out 

55 

+2.5V Ref Out 

16 

A1 Out 

56 

Enable 2 

17 

A0 Out 

57 

+2.5 V Refin 

18 

CleaF 

58 , 

20V Range 

19 

A0 In 

59 

BPO 

20 

A1 In 

60 

10V Range 

21 

A2 In 

61 

-6.4 Ref Out 

22 

A3 In 

62 

S/H Out 

23 

Load 

63 

Analog Common 

24 

Busy 

64 

-15V Supply 

25 

Dig. Common 

65 

+15V Supply 

26 

Short Cycle 

66 

S/H Control 

27 

1 0-bit Resolution 

67 

S/H Offset Adjust 

28 

8-bit Resolution 

68 

S/H Input 

29 

DO(LSB) 

*69 

IA Out 

30 

D1 

70 

CH8/RET0 

31 

D2 

71 

CH9/RET1 

32 

D3 

72 

CH 10/RET2 

33 

D4 

73 

CHI 1/RET3 

34 

D5 

74 

CH12/RET4 

35 

D6 

75 

CH13/RET5 

36 

D7 

76 

CH14/RET6 

37 

D8 

77 

CHI5/RET7 

38 

D9 

78 

Mux Out Low 

39 

D10 

*79 

Amp In Low 

40 

Dll (MSB) 

*80 

I A Gain Adjust 


♦For SDM857 only. Make no connection in SDM856. 


MECHANICAL 

SPECIFICATIONS 


1.3mm 
-^1 — (0.051 

•80 
• 79 


f 2.5mm 
( 0 . 1 0 ") 






43. 


2mm (1.70")- 


TT 


0.51mm dia. 

(0.02") 


“3.8mm 
_ ( 0 . 1 5 ") 


MATERIAL: Ceramic 

WEIGHT: 32 grams (1.2 oz.) 

PINS: Pin material and plating composition comform 
to Method 2003 (solderability) of Mil-Std-883 (except 
paragraph 3.2) 

MATING CONNECTOR: 2350MC (Set of four 20 pin 
strips) 
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SDM856 








Low-Level Input, 12-Bit 
DATA ACQUISITION SYSTEM 


FEATURES 

• HIGH ACCURACY WITH LOW LEVEL INPUT SIGNALS 

• LOW COST 

• SAVES DESIGN TIME 

• RELIABLE - 70°C BAKE FOR 160 HOURS 

• SAVES SPACE 

• FLEXIBLE - FOUR MOOES OF OPERATION 


DESCRIPTION 

The SDM858 is a complete 8- or 16-channel data 
acquisition system in a compact 4.6" x 3.0" x 0.375" 
metal case. This system is specifically designed to 
give high accuracy with low level analog input 
signals. A built-in high quality instrumentation 
amplifier allows input signal ranges of ±5mV to 
±10V. It is especially useful with thermocouple and 
strain gage inputs since it yields only ±0.025% (of 
Full Scale Range) error at a gain of 100. 

This expandable module accepts either 16 single- 
ended or 8 differential inputs and converts the 
multiplexed data signals into 12-bit digital words 
with an accuracy of ±0.025% at throughput rates of 
up to 8000 samples per second. 


Gain IA S/H 
Select Output Input 


S/H AOC 
Output Input 


16-Channel 

Multiplexer 


?????? ? 

W>J tZt 




Single-ended/Oifferential Mode Select 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 9104)52-1111 - Cable: BBRCQRP - Telex: 66-6491 
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SYSTEM DESCRIPTION 

The SDM858 contains all the components necessary to 
multiplex and convert ±5mV to ±10V analog data into 
equivalent digital outputs yielding resolutions of 2.4juV 
to 4.88mV. It has been designed specifically to acquire 
and convert low level signals. The throughput sampling 
rate is 8kHz for 12-bit resolution at a gain of 10. This 
system contains an analog multiplexer (which can be 
connected for 16-channel single-ended or 8-channel 
differential signals), instrumentation amplifier, 
sample/ hold circuit, 12-bit successive approximation 
A/D converter, and control and timing logic. The 
amplifier and sample/ hold are not internally connected, 
allowing maximum application flexibility. These systems 
can be expanded almost without limit using Burr- 
Brown’s MPC16S, MPC8D, MPC8S, and MPC4D 
monolithic multiplexers. The SDM858 is designed to be 
mounted on a printed circuit card. The only requirements 
for system operation are input signals, power, and the 
interconnection of system components into the desired 
operating configuration. The components of the 
SDM858 are shown in Figure 1 and described in the 
following paragraphs. 

ANALOG MULTIPLEXER 

Two, one-of-eight, CMOS analog multiplexers are used 
to allow user selection (by external jumpers) of 16 single- 
ended channel or 8 differential channel operation. In 16- 
channel operation the multiplexer may be used in a 
pseudo-differential mode by connecting the amplifier 
inverting input to a common, remote, signal ground. 
Channel selection is by a 3- or 4-bit binary word stored in 
a presettable address counter. 

INSTRUMENTATION AMPLIFIER 

The SDM858 instrumentation amplifier has been 
optimized for low drift and high accuracy with analog 
inputs as low as ±5mV full scale. Input noise and thermal 
feedback have been minimized to improve accuracy when 
amplifying such signals as thermocouple and strain gage 
outputs. The gain is programmed with an external 
resistor connected between pins 26 and 27. Gain may be 
selected from 1 to 2000. 

The amplifier used in the SDM858 is the Burr-Brown 
Model 3630. More information is available in the 3630 
product data sheet. 

SAMPLE/ HOLD 

The sample/ hold circuit is a complete monolithic unit 
featuring buffered output and maximum acquisition and 
aperture times of 52/usec and 200nsec. Input, output, and 
mode control functions are brought to separate 
connector pins. This allows maximum system flexibility 
for performing such functions as automatic gain ranging 
with no loss of aperture time. 

ANALOG-TO-DIGITAL CONVERTER 

The ADC is a ceramic-packaged, 12-bit converter 


featuring 24/^sec conversion time and 0.01% accuracy. 
Stable thin-film networks and current switching are used 
to assure linearity over wide temperature ranges. 


ADDRESS COUNTER 

A 4-bit binary address counter is connected to the 
multiplexer. This counter may be externally loaded, 
cleared, clocked, or enabled. The address outputs are 
brought to connector pins for convenient system control. 


DELAY TIMER 

The delay timer is provided to allow for the settling time 
of the multiplexer, amplifier, and sample/ hold circuits 
prior to start of conversion. The delay time is adjustable 
over a wide range by an external potentiometer and/or 
external capacitor. This allows for the longer settling 
time of the instrumentation amplifier at high gains. The 
timer is adjusted at the factory for optimum operation at 
a gain of 100. 

CONTROL LOGIC 

Delay and ADC trigger functions are edge-triggered and 
gated. Counter control functions are synchronous with 
the counter clock which is internally connected to the 
delay timer output. 


CHANNEL EXPANSION 


The number of analog input channels of these systems 
can easily be increased using Burr-Brown’s CMOS 
multiplexers. These latch-free devices contain internal 
binary decoding, TTL or MOS logic levels, and may be 
integrated into a system with minimum external logic. 
The following devices offer a variety of input channel 
configurations. 


MPC4D 

MPC8D 

MPC8S 

MPC16S 


4-channel differential 
8-channel differential 
8-channel single-ended 
16-channel single-ended 


SYSTEM PERFORMANCE 

The SDM858 can be configured to continuously 
sequence through all analog channels, to accept random 
addresses or to sequence through all analog channels on 
command from an external trigger. 

The STA TUS signal, pin 30, is connected to the 
STROBE input of the delay timer, pin 58, for normal 
program sequencing with a minimum throughput 
sampling rate of 2kHz for 12-bit resolution and a gain of 
100. A throughput rate of 8kHz with 12-bit resolution 
can be achieved for a gain of 10 by decreasing the delay 
time. 

By using “overlap” programming, the settling time effects 
of the analog multiplexer and instrumentation amplifier 
can be reduced slightly. Overlap programming is 
accomplished by connecting the STATUS signal, pin 30, 
to the STROBE input of the delay timer, pin 19, and 
extending the delay time. The internal logic will then 
select analog channel (n + 1) while channel n is being 
converted. 
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FIGURE 1. Detailed Block Diagram of SDM858. 

SPECIFICATIONS 


ELECTRICAL 

Typical at +25°C with ±15VDC and +5VDC power supplies unless otherwise noted. 

MODEL 

SDM858 1 

TRANSFER CHARACTERISTICS 1 

Throughput Rate, min 


G — 1 

8kHz, 125/usec/ channel 

G = 100 

2kHz, 500/isec/ channel 

G = 1000 

1kHz, 1 msec /channel 

G = 2000 

500Hz, 2msec/ channel 

Resolution 

12 bits 

Number of Channels 

16 single-ended or pseudo-differential/ 8 differential 

ANALOG INPUTS 1 

ADC Voltage Input Ranges 

0 to +5V, 0 to +10V, ±2.5V, ±5V, ±10V 

Amplifier Gain Range 

1 to 2000 

Amplifier Gain Equation 

G = 1 +(40kn/RHXT)" 1 

Max. Input Voltage without Damage 

±16V 

Max. Input Voltage for Multiplexer Operation 

±10. 24 V 

Common-Mode Input Voltage, max 


G = 1 

±10V 

G > 1 

±5V 

Input Impedance 

lOOMfi, lOpF OFF channel 


1 00M O, lOOpF ON channel' 2 ’ 

Bias Current 


+25°C : 

±10nA, typ; ±30nA, max 

0°C to +70°C 

±20nA, typ; ±60nA, max 

Differential Bias Current 

±10nA, typ; ±30nA, max 

Differential Bias Current Drift 

±0.4nA/°C typ; ±1.0nA/°C, max 

Amplifier Input Offset Voltage, max 

±25 ±(200/G)mV 

Amplifier Voltage Offset Drift, max 

±0.75 ±(10/G)/iV °C 

vs Supply, max 

±2 ±(200/G) M V V 

vs Time 

±2 ±(40 G)mV mo 

Amplifier Input Noise 


Voltage 


0.01Hz to 10Hz 

1.2)uV, p-p 

10Hz to 1kHz 

1.0/uV, rms 

Current 


0.01 Hz to 10Hz 

70pA, p-p 

lOHztolkHz 

20pA, rms 

Amplifier Output Noise (G = 100, Rs = 500D) 


0.01Hz to 10Hz 

0. 12mV, p-p 

10Hz to 10kHz 

0.32mV, rms 

Thermal Feedback ,J) 

0.1 M V v lnpuI 

Channel-to-Channel Input Voltage Error 14 ’ 

±5 M v 
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1 ACCURACY' 5 I 

System Accuracy, max (Gain = 100) 

±0.025% FSR' 6 ’ at 2kHz throughput rate 

Linearity 

±[1/2 + (G / 2400)] LSB 

Differential Linearity (Gain = 100) 

±I/2LSB at 2kHz throughput rate 

Quantizing Error 

±1 /2LSB 

Gain Error 

Adjustable to zero 

Offset Error 

Adjustable to zero 

Power Supply Sensitivity 

±0.005% FSR/% change of supply voltage 

| STABILITY OVER TEMPERATURE 1 

System Offset Drift, max (Zin ^ 400fl) 


G = 1 

±5ppm of FSR/°C 

G = 10 

±7ppm of FSR/°C 

G = 100 

±30ppm of FSR/°C 

G = 1000 

±300ppm of FSR/°C 

G = 2000 

±600ppm of FSR/°C 

System Gain Drift, 1 171 max 


G = 1 

±35ppm of reading/°C 

G = 10 

±80ppm of reading/ °C 

G = 100 

±85ppm of reading/ °C 

G = 2000 

±85ppm of reading/°C 

ADC Offset Drift (Unipolar) 

±3ppm of FSR/°C 

ADC Offset Drift (Bipolar) 

±15ppm of FSR/°C 

ADC Linearity Drift 

±3ppm of FSR/°C 

| DYNAMIC ACCURACY | 

Sample/ Hold Aperture Time 

125nsec, typ; 200nsec, max 

Sample/ Hold Acquisition Time (to 0.025%) 

26/isec, typ; 52/xsec, max 

Error for Full Scale Transition Between 


Successively Addressed Channels 


G = 1 

±1LSB at 8kHz 

G = 100 

±1LSB at 2kHz 

G = 1000 

±2LSB at 1kHz 

G = 2000 

±4LSB at 500Hz 

Amplifier CMRR, min; lkfl Source Imbalance 


G = 1, f = 60Hz 

86dB 

G = 1, f = 1kHz 

70dB 

G = 10, f = 60Hz 

96dB 

G ^ 100, f = 60Hz 

lOOdB 

Channel Cross Talk 

-80dB at 2kHz, OFF channel to ON channel 

Sample/ Hold Feedthrough 

±0.007% of 20V 

Sample/ Hold Decay Rate, (+70°C) 

l/xV//isec, typ; 10/uV//xsec, max 

| OUTPUT I 

Output Coding (Complementary) 

Unipolar straight binary, bipolar offset binary. 


binary two’s complement 

Gain Error' 81 

Adjustable to zero 

Offset Error' 8 ’ 

Adjustable to zero 

A/D Conversion Time 

24/xsec typ, 30/usec max 

Delay 

470/isec nominal, externally adjustable' 9 ’ 

POWER REQUIREMENTS 

+ 15VDC ±3% at ±65mA, ripple < 5mV, rms 


-15V DC ±3% at -75mA, ripple < 5mV, rms 


+5VDC ±5% at 300mA, ripple < 25mV, rms 

1 ENVIRONMENTAL 

Operating Temperature 

0°C to 70°C 

Storage Temperature 

-25°C to +85°C 

Relative Humidity 

95% noncondensing 




NOTES: 

1. With Rext between pins 26 and 27. 

2. With multiplexer output connected to 1A input. 

3. Drift due to internal heating. 

4. Error due to thermoelectric effects of dissimilar metal junctions. 

5. No missing codes guaranteed. 

6. FSR means full scale range. 

7. Exclusive of gain resistor drift. 

8. Gain and offset controls are located in the module. The adjustment ranges are ±0.1% FSR for gain and ±0.1% FSR for offset. 

9. Adjustable to 10 seconds with external capacitor, to 50/isec with an external resistor. 
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DIGITAL INPUT 


Address inputs 

LOAD ENABLE 

CLEAR ENABLE 

STROBE & STROBE 

COUNT ENABLE 

ADC TRIGGER 

SHORT CYCLE 

MULTIPLEXER ENABLE 
MULTIPLEXER ENABLE 

S D SELECT 

One standard TTL load, positive true 

One standard TTL load, negative true, address loaded, with strobe inputs. 

One standard TTL load, negative true, address cleared with strobe inputs. 

One standard TTL load. STROBE and STROBE edge trigger the delay timer and clock the address 
counter. STROBE must be high to enable STROBE and STROBE must be low to enable STROBE. 

Two standard TTL loads, positive true, logic “0” allows the Strobe inputs to trigger the delay timer, but 
prevents the MUX address counter from being clocked. 

One standard TTL load, a positive going edge at TRIG initiates conversion, a negative going edge at TRIG 
initiates conversion; TRIG must be “0” to enable TRIG; TRIG must be “1" to enable TRIG. 

One standard TTL load, logic “1” for 12-bit resolution, connected to the N + 1 bit output for N bit 
resolution. 

Two standard TTL loads, logic “1” enables multiplexer output and logic “0” turns off all channels. 

Two standard TTL loads, logic “1” enables 16-channel single-ended operation and logic ”0” enables 

8-channel differential operation. 

1 DIGITAL OUTPUT | 

Data outputs 


Parallel Bl. B) . . . BI2 

2 Standard TTL loads, negative true. 

SERIAL OUT 

2 Standard TTL loads, negative true, time serial data output beginning with Bl. 

Address outputs 

5 Standard TTL loads, positive true, 4-bit binary code, internal 2kfi pull-up resistors. 

DELAY OUT and DELAY OUT 

5 Standard TTL loads high (low) during the delay period, triggered by STROBE and STROBE inputs. 

CLOCK OUT 

5 Standard TTL loads for synchronizing serial out data. 

STATUS 

5 Standard TTL loads, high during the A D converison. 


PIN 

DESIGNATIONS 


+15VDC 

1 

76 

-15VDC 

ANA COM 

2 

75 

S/D SELECT 

CH0 IN 

3 

74 

CH8 IN (RTN0) 

CHI IN 

4 

73 

CH9 IN (RTN1) 

CH2 IN 

5 

72 

CH10 (RTN2) 

CH3 IN 

6 

71 

CH11 IN (RTN3) 

CH4 IN 

7 

70 

CH12 IN (RTN4) 

CH5 IN 

8 

69 

CH13 IN (RTN5) 

CH6 IN 

9 

68 

CH 14 IN (RTN6) 

CH7 IN 

10 

67 

CHI 5 IN (RTN7) 

MUX OUT HI 

11 

66 

MUX OUT LO 

LOAD ENABLE 

12 

65 

CLEAR ENABLE 

COUNT ENABLE 

13 

64 

MUX ENABLE 

A8 OUT 

14 

63 

A8 IN 

A4 OUT 

15 

62 

A4 IN 

A2 OUT 

16 

61 

A2 IN 

A1 OUT 

17 

60 

A1 IN 

DELAY OUT 

18 

59 

DELAY OUT 

STROBE 

19 

58 

STROBE 

ADC TRIG 

20 

57 

ADC TRIG 

DELAY ADJUST 1 

21 

56 

DELAY ADJUST2 

R1 

22 

55 

R2 

NEG REF OUT 

23 

54 

BPO 

POS REF OUT 

24 

53 

COMP IN 

1A IN HI 

25 

52 

GAINMDJUST 

G2 

26 

51 

S/H IN 

G1 

27 

50 

S/H OUT 

IA IN LO 

28 

49 

SHORT CYCLE 

IA OUT 

29 

48 

S/H CONTROL 

STATUS 

30 

47 

Bl (MSB) 

Bl MSB 

31 

46 

B2 

B3 

32 

45 

B4 

B5 

33 

44 

B6 

B7 1 

34 

43 

B8 

B9 

35 

42 

B10 

Bit 

36 

41 

B12 LSB 

SERIAL OUT 

37 

40 

CLOCK OUT 

+ 5VDC 

38 

39 

DIG COM 


MECHANICAL 



CASE MATERIAL: Insulated Steel 
CONNECTOR PINS: Gold Flashed 
WEIGHT: 145 grams (5 oz.) 


MOUNTING INSTRUCTIONS: 
(Mounting flush on PC Card.) 

1. Use strip connectors or two 14-pin 
and three 16-pin low profile IC 
sockets (shipped with each unit). 

2. Use 4-40 x 3/ 16" (4.8mm) LG Pan 
HD Hardware to secure the SDM858 
to PC Card. 
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TYPICAL PERFORMANCE CURVES 


AMPLIFIER COMMON-MODE REJECTION 
VS SOURCE IMPEDANCE IMBALANCE 



1 10 100 
SOURCE IMBALANCE (kfl) 


AMPLIFIER COMMON-MODE REJECTION 



10 100 
SOURCE IMBALANCE (kO) 



1 10 100 1000 2000 
GAIN (V/V) 



1 10 100 1000 2000 


AMPLIFIER GAIN (V/V) 



AMPLIFIER NONLINEARITY VS GAIN 



AMPLIFIER OUTPUT OFFSET 
VOLTAGE DRIFT VS GAIN 
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Fast 1C 

SAMPLE/HOLD AMPLIFIERS 


FEATURES 

• 14-PIN DIP PACKAGE 

• lOjjsec ACQUISITION TIME 

• COMPLETE WITH HOLDING CAPACITOR 

• ±0.01% ACCURACY 

• -25°C TO +85°C TEMPERATURE RANGE (SHC80BM) 

DESCRIPTION 

Ultra-linear performance and fast acquisition speeds 
- that’s the combination that makes the SHC80 
models ideal for your demanding data acquisition 
and control applications. 

The SHC80 acquires and holds up to ±10V analog 
signals to an accuracy of ±0.01% of full scale. 
Acquisition time is 12/zsec for a 20V step of 10/tzsec 
for a 10V step. High performance results from the use 
of internally compensated circuits normally found 
only in larger, more expensive sample/ holds. 

Two models give you a choice of operating 
temperature range: the SHC80KP (0°C to+70°C) in 
an epoxy package, also the SHG80BM (-25°C to 
+85°C) in a hermetic metal case. You’ll find these 
units well suited for: 

Data Acquisition Systems 
Data Distribution Systems 
Analog Delay Circuits 
Pulse Amplitude Modulation Circuits 
Waveform Amplitude Measurement 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-348 Printed in U.S. A. July, 1978 
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SPECIFICATIONS 


Typical at 25°C with rated supply and lOOOpF internal capacitor unless otherwise noted. 


ELECTRICAL 

MODELS 

SHC80KP 

SHC80BM 

Units | 

| INPUT | 

ANALOG INPUT 




Voltage Range 

±10 

±10 


Maximum Safe Input Signal 

±15 

±15 


Impedance 

10 8 II 5 

10 8 II 5 


Bias Current 

400 

400 


DIGITAL INPUT 




(TTL/MOS Compatible) 

Voltage +5V 

Voltage +1 5V 

current 

Mode Control 

Logic Supply 

Logic Supply 


“Sample” - Logic “1” 

2 < e < 8V 

5.5 < e < 15V 


“Hold” - Logic “0” 

0 < e < 0.8V 

0 < e < 3.5V 

1 -50/uA I 

| TRANSFER CHARACTERISTICS j 

ACCURACY (25°C) 




Dynamic Nonlinearity (max) 

±o.oi( 3 > 

±0.01 

% of 20V 

@ min' “Hold” time 

1000 

1000 

jus 

Gain 

+ 1.0 

+ 1.0 

V/V 

Gain Error 

0.01 

0.01 

% of 20V 

Throughput Offset (max) 

2 

2 

mV 

(adj. to zero) 




Droop Rate (max) 

0.5 

0.5 

mV/mS 

Droop Rate (typ) 

0.2 

0.2 

mV/mS 

Throughput Nonlinearity 

±0.005 

±0.005 

%of 20V 

Noise (RMS) (10Hz to 100kHz) 

100 

100 

MV RMS 

Supply Rejection (0 to 50kHz) 

200 

200 

MV/v 

ACCURACY DRIFT 




Gain Drift 

2 

2 

ppm of 20V/°C 

Offset Drift 

20 

20 

MV/°C 

Droop RateO) 




@ 70°C (max) 

10 

10 

mV/mS 

@ 85°C (max) 

- 

25 

mV/mS 

DYNAMIC CHARACTERISTICS 




Full Power Bandwidth( 2 ) 

75 

75 

kHz 

Output Slew Rate 

5 

5 

V/ms 

Aperature Time 

40 

40 

ns 

Aperature Time Jitter 

1 

1 

ns 

Acquisition Time to 0.01% 




10V Step (max) 

10 

10 

Ms 

20V Step (max) 

12 

12 

MS 

Feedthrough in Hold Mode 

±0.02 

±0.005 

% of Input Step 

Charge Offset (max) 

2 

2 

mV 

Sample to Hold Transient 




Peak Amplitude 

150 

150 

mV 

Settling to lmV 

1 

1 

Ms 

1 OUTPUT | 

ANALOG OUTPUT 




Voltage Range (min) 

±10 

±10 

V 

Current Range (min) 

±5 

±5 

mA 

Impedance 

0.5 

0.5 

n 



■■■■ 


Specification 

0 to +70 



Storage 

-25 to +85 



POWER SUPPLY 




Rated Voltage 

±15 

±15 


Range 

±14.5 to ±15.5 

±14.5 to ±15.5 


Current 

+ 20 

+ 20 


LOGIC SUPPLY 




Rated Voltage 

+ 5 

+ 5 

V 

Range 

+4.75 to +15.5 

+4.75 to +15.5 

V 

Current 

1 

1 

mA 


(1) May double every 10°C over temperature. (2) Small signal bandwidth 7 50kHz. 
(3) ±0.015 including feedthrough for SHC80KP. 


MECHANICAL 

EPOXY PACKAGE 


SHC80KP 



SHC80BM 


0.51mm 
(0.020”) dia. 


Pin Spacing: 2.54mm (0.1”) 

Row Spacing: 7.62mm (0.30”) 
Mating Connector: 145MC 

METAL PACKAGE 

1 3.2mm 


i 13.2mm 

?^ 7 >^( 0 - 5 2 ”) 

(0.88"). 



(0.20”) 

2.54mm — _ 


u- 


(0.1”) 





o o o o o 


Q 



1 

7 

7.62mm 

BOTTOM VIEW 

14 

8 

(0.30") 


o 

o 

o 

o 

o 


3 

T 


Case: Metal 

Pin Material and plating Composition 
conform to Method 2003 (solderability ) 
of Mil-Std-883 (except paragraph 3.2) 


Connection Diagram 


Offset Adj. 

+15V N/C 


Logic Logic 
Return Supply N/C 



-15 V 

_J 


Mode An. 
Control Com. 


Optional Ext. C 


C Output 
Ext. 

1 


Note: No connection should be made to pins 11 & 5. 
Pin 8 is not internally connected. 
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DEFINITION OF SPECIFICATIONS 


DYNAMIC NONLINEARITY 

This is the total nonadjustable input-to-output error. It in- 
cludes errors due to throughput nonlinearity, droop, thermal 
transients and feedthrough; in short, all errors that cannot 
be adjusted to zero for a 10 volt input change after a lOjitsec 
acquisition time and a one millisecond hold time. Offset 
errors may be adjusted to zero by the offset control, but gain 
errors must be removed by a gain adjustment elsewhere in 
the system. (Gain adjust not included in SHC80.) 

GAIN ACCURACY 

The difference due to amplifier gain errors between INPUT 
and OUTPUT voltage when in the “sample” mode. 

DROOP RATE 

The voltage decay at the output during the “hold” mode 
due to storage capacitor, FET switch leakage currents, and 
output amplifier bias current. 

FEEDTHROUGH 

The amount of input voltage change that appears at the out- 
put when the amplifier is in the “hold” mode. 
THROUGHPUT - NONLINEARITY 
The total charge offset and gain nonlinearity, i.e., the inac- 
curacy due to these two errors that cannot be corrected by 
gain and offset adjustments. Throughput - nonlinearity is 
specified over the 20 volt input range. 

THROUGHPUT OFFSET 

The sum of sample offset and charge offset. 

CHARGE OFFSET 


The offset that results from charge transferred from the 
holding capacitor to the gate capacitance of the switching 
FET. This charge is partially restored by a special compen- 
sation circuit when the unit goes into the “hold” mode. 

OPERATING 


OPTIONAL EXTERNAL CAPACITOR SELECTION 

The value of the external capacitor determines the droop, 
charge offset, and acquisition time of the sample/hold. 
Both droop and charge offset will vary linearly with capaci- 
tance from the values given in the specification table. 


Figure 3 shows the behavior of acquisition time with added 
external capacitance. The behavior of droop with external 
C is determined by : 


Droop =— = 
dt 


/ 0.5 x 10~ 9 
\ 800 pF + C ext pF 


; mV 

niS 


Capacitors with high insulation resistance and low dielectric 
absorption, such as teflon or polystyrene should be used as 
storage elements (polystyrene should not be used above 
+85°C). Care should be taken in the printed circuit layout 
to minimize leakage currents from the capacitor to mini- 
mize droop errors. 


OFFSET ADJUSTMENT 

Connect a 2k ohm to 5k ohm multi-turn potentiometer with 


ACQUISITION TIME 

The time required for the output to settle to its final value 
within a given error band when the Mode control is switched 
from “hold” to “sample”. See Figure 2. 

APERTURE TIME 

The time required to switch from “sample” to “hold”. It 
is measured from the 50% point of the mode control tran- 
sition to the time at which the output stops tracking the 
input. 




FIGURE 2. Acquisition Time vs. Full Scale Range Error. 


INSTRUCTIONS 

amaxTCRor 150 ppm/°C as shown in the Connection Dia- 
gram, and adjust the offset with the input grounded. During 
the adjustment, the sample/hold should be switching contin- 
uously between the “sample” and the “hold” mode. Adjust 
the error to zero when the unit is in the “hold” mode. This 
procedure insures that charge offset as well as amplifier 
offset error will be removed. 
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FIGURE 3. Acquisition Time vs. External Capacitor. 




LOGIC THRESHOLD PROGRAMMING 

Pin 10 is normally connected to the logic return and pin 9 to a positive logic supply. 
The logic threshold is determined by the 4.3k£2 and 10k£2 resistors shown in the 
connection diagram. The threshold is 1.5V for logic operated on a +5V supply and 
4.5V for a + 15V logic supply. If it is not convenient to connect a logic return and 
supply to the SHC80, pin 10 may be connected to the analog return and pin 9 to +15 V 
for 1 5V logic or to +1 5V, through a 27kft resistor for 5V logic. The mode control 
switching transistors have sufficient current gain to allow the mode-control pin to be 
driven from MOS logic. The mode control polarity may be reversed by connecting 
an externally-derived threshold voltage to pin 3 and by connecting pins 9 and 10 to 
the mode control source. 


APPLICATIONS 


DATA ACQUISITION SYSTEM 


SIMULTANEOUS SAMPLE/HOLD 


The SHC80 makes an excellent device for reducing aperture 
time and eliminating conversion noise from high gain cir- 
cuitry in data acquisition systems. When it is combined with 
Burr-Brown’s 16 channel MPC-16S Analog Multiplexer and 
ADC80 A/D Converter, you have a compact 1 6 channel data 
acquisition system with 25 kHz throughput sampling rates 
and +0.02% (RSS) system accuracy. 



Time correlation of sampled data signals may be implement- 
ed by using one sample/hold for each analog signal prior to 
input to an analog multiplexer. The SHC80’s low aperture 
time of 40 nanoseconds practically eliminates channel-to- 
channel time slew. The throughput sampling rate and the 
number of data channels will determine the maximum 
“hold” time and hence, the worst case droop error of the 
sample/hold in the last channel to be sampled prior to the 
next “refresh” or sample/hold command. This droop error 
may be minimized by adding external capacitance to the 
SHC80 as shown in Figure 3. 

The droop error is computed by: 

MAX DROOP ERROR (CHANNEL N) = (T x nXDroop rate) 

Where T - gy Stem Sampling Rate anC * 
n = number of multiplexer data channels. 

EXAMPLE: 

For a 10 bit, 32 channel system with throughput sample 
rate of 25 kHz, assuming no external capacitance, the droop 
error of channel N is: 

Droop Error (Eq) = 6^ x 32) (500 x 10“^) = 640jLtV. 

For +10 volt input signal range and 10-bit resolution, the 
resolution of ± X A LSB is +9.77 mV. This droop error is less 
than 0.032 LSB (negligible), and no external C is needed to 
reduce the droop of the SHC80. 
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Fast 1C 

SAMPLE/HOLD AMPLIFIERS 


FEATURES 

• 14-PIN DIP PACKAGE 

• 5psec ACQUISITION TIME 

• COMPLETE WITH HOLDING CAPACITOR 

• ±0.01% ACCURACY 

• -55°C TO +125°C TEMPERATURE RANGE (SHC85ET) 

DESCRIPTION 

The SHC85 is designed to acquire and hold up to 
±10VDC analog signals to an accuracy of ±0.01% of 
full scale range in 5/xsec for a 20 -volt step or 
4.5jusec for a 10VDC step. Featuring internally 
compensated circuits normally found only in more 
expensive and larger sample/ holds, the SHC85 
offers ultra-liner performance and fast acquisition 
speeds for the most demanding data acquisition and 
control applications. 

Two models are available: the SHC85 is specified for 
0°C to 70°C operation, and the SHC85ET is specified 
for -55°C to +125°C operation. 

The SHC85/SHC85ET are well suited for use in: 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay Circuits 
Pulse Amplitude Modulation Circuits 
Waveform Amplitude Measurement 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-321 
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SPECIFICATIONS 


Typical at 2 5°C with rated supply and a 1000 pF internal capacitor unless otherwise noted. 


ELECTRICAL 

| MODELS 



■aa 

1 INPUT 1 

ANALOG INPUT 




Voltage Range 

+ 10 

+ 10 

V 

Maximum Safe Input Signal 

±15 

±15 

V 

Resistance 

10 8 

10 8 

£2 

Bias Current 

50 

50 

nA 

DIGITAL INPUT (TTL Compatible) 




Mode Control 

Voltage 

Current 


“Sample” - Logic “1” 

+2.0V < e < +8V 

50 nA 


“Hold” - Logic “0” 

0V <e < +0.8V 

-50 mA 


| TRANSFER CHARACTERISTICS f 

ACCURACY (25°C) 




Dynamic Nonlinearity (max) 

±0.01 

±0.01 

% of 20 V 

@ min. “Hold” Time 

1000 

1000 

jus 

Gain 

+ 1.0 

+ 1.0 

V/V 

Gain Error 

±0.01 

±0.01 

% of 20 V 

Throughput Offset (max)(adj to zero) 

2 

2 

mV 

Droop Rate (max) 

0.5 

0;5 

mV/ins 

Droop Rate (typical) 

0.125 

0.125 

mV/ms 

Throughput Nonlinearity 

±0.005 

±0.005 

% of 20V 

Noise (rms)(10 Hz to 100 kHz) 

100 

100 

mV 

Supply Rejection (0 to 50 kHz) 

100 

100 

mV/v 

ACCURACY DRIFT 




Gain Drift 

±2 

±2 

ppm of 




20V/°C 

Offset Drift 

±25 

±2 5 

MV/°C 

Droop Rate 




@ 70°C (max) 

10 

10 

mV/ms 

@ +125°C (max) 

... 

200 

mV/ms 

DYNAMIC CHARACTERISTICS 




Bandwidth (Full Power)0) 

200 

200 

kHz 

Output Slew Rate 

20 

20 

V/m S 

Aperture Time 

30 

30 

ns 

Acquisition Time (to ±0.01%) 




10 V Step (max) 

4.5 

4.5 

MS 

20 V Step (max) 

5.0 

5.0 

MS 

Feedthrough in Hold Mode 

±0.005 

±0.005 

% of step 




change 

Charge Offset (max) @ 0V Input 

±2 

±2 

mV 

Sample-to-Hold Transient 




Peak Amplitude 

50 

50 

mV 

Settling to 1 mV 

0.5 

0.5 

MS 

[ OUTPUT | 

ANALOG OUTPUT 




Voltage Range 

±10 

±10 

V 

Current Range 

±10 

±10 

mA 

Impedance 

0.1 

0.1 

£2 

TEMPERATURE 




Specification 

0 to +70 

-55 to +125 

°C 

Storage 

-55 to +125 

-55 to +125 

°C 

POWER SUPPLY 




Rated Voltage 

±15 

±15 

VDC 

Range 

±14.5 to +15.5 

±14.5 to ±15.5 

VDC 

Current 

±13 

±13 

mA 


MECHANICAL 



5.08 mm 
( 0 . 20 ") 


DOT 
OVER 
PIN 1 


2.54mm 

( 0 . 1 ") 


—H 


r 

r 

t 

*"1 7 

14 8 

7.62mm 

(0.30") 

LT. * 


1 

(BOTTOM VIEW) 

1 


Case: Metal 
Pin material and 
plating composition 
conform to Method 
2003 (solderability) 
of Mil-Std-883, 

(except paragraph 3.2) 


Mating Connector: 0145 MC 


CONNECTION DIAGRAM 

'TOP VIEW) 



| Analog -15V Mode Analog N/C Ext Output 
In Control Common C 


, •) ! 1 

Optional External C 

NOTE: Pins 5, 8, 9, 10 and 11 are not 
internally connected. 






(1) Small signal bandwidth is 3MHz. 
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DEFINITION OF SPECIFICATIONS 


DYNAMIC NONLINEARITY 

This is the total nonadjustable input to output error. This 
specification includes throughput nonlinearity and errors 
due to droop, thermal transients and feedthrough, in short, 
all errors that cannot be adjusted to zero for a 10 volt input 
change after a 5 /Ltsecond acquisition time and a one milli- 
second hold time. Offset errors must be adjusted to zero 
by the offset control and gain errors must be adjusted to 
zero by a gain adjustment elsewhere in the system (gain 
adjust not included in SHC85). 

GAIN ACCURACY 

The difference due to amplifier gain errors between INPUT 
and OUTPUT voltage when in the “sample” mode. 

DROOP RATE 

The voltage decay at the output when in the “hold” mode 
due to storage capacitor, FET switch leakage currents, and 
output amplifier bias current. 

FEEDTHROUGH 

The amount of the input voltage change that appears at the 
output when the amplifier is in the “hold” mode. 
THROUGHPUT - NONLINEARITY 
The total charge offset and gain nonlinearity. That is, the 
inaccuracy due to these two errors that cannot be corrected 
by gain and offset adjustments. Throughput - nonlinearity 
is specified over the 20 volt input range. 

THROUGHPUT OFFSET 

The sum of sample offset and charge offset. 

CHARGE OFFSET 

The offset that results from charge transferred from the hold- 
ing capacitor to the gate capacitance of the switching FET. 
This charge is partially restored by a special compensation 
circuit when the unit goes into the “hold” mode. 


ACQUISITION TIME 

The time required for the output to settle to its final value 
within a given error band, when the Mode control is switched 
from “hold” to “sample”. See Figure 2. 

APERTURE TIME 

The time required to switch from “sample” to “hold”. The 
time is measured from the 50% point of the mode control 
transition to the time at which the output stops tracking the 
input. 




OPERATING INSTRUCTIONS 


OPTIONAL EXTERNAL CAPACITOR SELECTION 

The value of the external capacitor determines the droop, 
charge offset and acquisition time of the sample/hold. Both 
droop and charge offset will vary linearly with capacitance 
from the values given in the specification table. 

Fig. 3 shows the behavior of acquisition time with added ex- 
ternal capacitance. The behavior of droop with external C is 
determined by: 

■ dv 0.5 x 10'9 

Droop = — = 

dt 1000pF+C ext 

Capacitors with high insulation resistance and low dielectric 
absorption, such as teflon or polystyrene should be used 
as storage elements (polystyrene should not be used above 
+85°C). Care should be taken in the printed circuit layout 
to minimize leakage currents from the capacitor; this will 
minimize droop errors. 

OFFSET ADJUSTMENT 

Connect a 2k to 5k ohm multi-turn potentiometer with a 
TCR of 150 ppm/°C or less as shown in the Connection 


Diagram. The offset should be adjusted with the input 
grounded. During the adjustment, the sample/hold should 
be switching continuously between the “sample” and the 
“hold” mode. The error should then be adjusted to zero 
where the unit is in the “hold” mode. In this way, charge 
offset as well as amplifier offset will be adjusted. 



0 .001 .002 .004 .008 .016 .032 .064 .128 

EXTERNAL CAPACITOR </uF) 


Figure 3. Acquisition Time vs. External Capacitor. 
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APPLICATIONS 


DATA ACQUISITION SYSTEM SIMULTANEOUS SAMPLE/HOLD 


The SHC85 makes an excellent device for reducing aperture 
time in a data acquisition system. When combined with 
Burr-Brown’s 16 channel MPC-16S Analog Multiplexer and 
ADC85 10 or 12 bit A/D Converter, you can have a compact 
16 channel data acquisition system with 50 kHz to 65 kHz 
throughput sampling rates and 0.02 percent (RSS) system 
accuracy. 


3 

Ui 

z 



ANALOG DATA ACQUISITION SYSTEM 


Time correlation of sampled data signals may be implemented 
by using one sample/hold for each analog signal prior to 
input to an analog multiplexer. The SHC85 low aperture 
time of 30 nanoseconds practically eliminates channel-to- 
channel time slew. The throughput sampling rate and the 
number of data channels will determine the maximum 
HOLD time and hence, the worst case droop error of the 
sample/hold in the last channel to be sampled prior to the 
next “refresh” or sample/hold command. This droop error 
may be minimized by adding external capacitance to the 
SHC85 as shown in Figure 3 . 

The droop error is computed by: 

MAX DROOP ERROR (CHANNEL N)=(T x n)(Droop rate) 

Where T = — ■ and 

System Sampling Rate 

n = number of multiplexer data channels 
EXAMPLE: 

Fora 10 bit, 32 channel system with throughput sample rate 
of 50 kHz, assuming no external capacitance, the droop error 
of channel N is: 

Droop Error(ED)=(j^ x 32X500 x 10"^) = 320 nV 

For ±10 volt input signal range and 10 bit resolution, the 
resolution of ± X A LSB is ±9.77 mV. This droop error is 
less than 0.016 LSB (negligible), and no external C need be 
added to reduce the droop of the SHC85. 
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BURR -BROWN 


SHC298AM 



Low Cost Monolithic 
SAMPLE/HOLD AMPLIFIER 


FEATURES 

• 12-BIT THROUGHPUT ACCURACY 

• LESS THAN lOjisec ACQUISITION TIME 

• WIDEBAND NOISE LESS THAN 20 pV, RMS 

• RELIABLE MONOLITHIC CONSTRUCTION 

• 10 ,0 & INPUT RESISTANCE 

• TTL/PM0S/CM0S-C0MPATIBLE LOGIC INPUT 

DESCRIPTION 

The SHC298AM is a high performance monolithic 
sample/ hold circuit which features very high DC 
accuracy with fast acquisition times and a low droop 
rate. With the addition of one external holding 
capacitor, 12- bit accuracy can be achieved with a 
6msec acquisition time. Droop rates less than 
5mV/min can be achieved with a one microfarad 
holding capacitor. 

The fully differential logic inputs have low input 
current, and are compatible with TTL, PMOS, and 
CMOS logic families. The input offset adjustment 
can be made using a single external potentiometer 
and resistor, and the adjustment does not degrade 
input offset drift. 

The SHC298AM will operate with power supplies 
ranging from ±5DC to ±18VDC. It is available in a 
hermetically sealed 8 lead low profile package, and is 
specified for a temperature range from -25°C to 
+ 85°C. The SHC298AM is the best 
price/ performance bargain in its class. It is well 
suited for use in data acquisition systems, data 
distribution systems, analog delay circuits, and pulse 
amplitude modulation circuits. 
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SPECIFICATIONS 


Specifications at T A = +25°C with rated supplies with 1000 pF holding capacitor unless otherwise noted. 


ELECTRICAL 

MODELS 

SHC298AM 

UNITS 


j MIN 

| TYP 

| MAX 


1 INPUT | 

ANALOG INPUT 





Voltage Range 

±(Vcc-2.5) 



Volts 

Maximum Safe Input Signal 


±V C c 


Volts 

Resistance 


10'° 


Ohms 

Bias Current 


10 

50 

nA 

DIGITAL INPUT 

Pin 7 

Pin 8 

Circuit State 


Mode Control Truth Table 

OV 

+2.4V 

Sample (Track) 



OV 

+0.8V 

Hold 



+2.4V 

+2.8V 

Hold 



+0.8V 

+2.8V 

Sample (Track) 


Mode Control and Mode Control 





Reference Input Current 



10 

M A 

Differential Logic Threshold 


1.4 


Volts 

TRANSFER CHARACTERISTICS 

□ 

ACCURACY (25°) 





Throughput Nonlinearity 


±0.010 

±0.015 

% of 20V 

for Hold Time < 1ms 





Gain 


+ 1.0 


v/v 

Gain Error 


±0.004 

±0.010 

% 

Input Voltage Offset (adj to zero) 


±2 

±7 

mV 

Droop Rate 


±25 

±125 

AiV/ms 

Charge Offset 


±15 

■ ±25 

mV 

Noise (rms) 10 Hz to 100 kHz 


JO 

20 

mV 

Power Supply Rejection 


±25 

±50 

MV/V 

ACCURACY DRIFT 





Gain Drift 


3 

4 

ppm/°C 

Input Offset Drift 


15 

45 

mV/°C 

Charge Offset Drift C = 1000 pF 


50 

150 

mV/°c 

C = 10.000 pF 


20 

50 

mV/°c 

Droop Rate at Ta = +85°C 


1 

10 

mV/ ms 

DYNAMIC CHARACTERISTICS 





Full Power Bandwidth, C = 1000 pF 

75 

125 


kHz 

C = 10,000 pF 

10 

16 


kHz 

Output Slew Rate, C = 1000 pF 

7 

10 


Wins 

C = 10,000 pF 

1.4 

2 


VI US 

Aperture Time 





Negative Input Step 


125 

200 

ns 

Positive Input Step 


30 

45 

ns 

Acquisition Time (C = 1000 pF) 





to ±0.01%, 10V step 


6 

10 

M s 

to ±0.01%, 20V step 


8 

12 

MS 

to ±0.1%, 10V step 


5 

9 

MS 

to ±0.1%, 20V step 


7 

11 

MS 

Sample-to-Hold Transient 





Peak Amplitude 


160 


mV 

Settling to 1 mV 


1.0 

1.5 

MS 

1 Feedthrough (Response to 10V Input Step) 

±0.007 

±0.015 

%of 20 V 

| OUTPUT 1 

ANALOG OUTPUT 





Voltage Range 

±(V« -2.5) 



Volts 

Current Range 

±2 



mA 

Impedance 


0.5 

4 

Ohms 

TEMPERATURE 





Specification 


-25 to +85 


°C 

Operating 


-55 to +125 


°C 

Storage 


-55 to +150 


°c 

POWER SUPPLY 





Rated Voltage 


±15 


VDC 

Range* 11 

±4.75 


±18 

VDC 

Current 


±4.5 

±6.5 

mA 


MECHANICAL 



Pin Material and Plating Composition: Conforms to 
MIL-STD-883 method 2003 (solderability) 

Hermeticity: Fluorocarbon (gross leak) and Helium 
5 x 10' 8 cc/sec (fine leak) 

Connector: None 


PIN CONFIGURATION 



(1) Logic voltage on pin 8 should not exceed V - 1 volt. 
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DISCUSSION OF SPECIFICATIONS 


THROUGHPUT-NONLINEARITY is defined as total 
Hold mode, non-adjustable, input to output error caused 
by charge offset, gain non-linearity, one millisecond of 
droop, feedthrough, and thermal transients. It is the 
inaccuracy due to these errors which cannot be corrected 
by offset and gain adjustments. Throughput nonlinearity 
is tested with a 1000 pF holding capacitor, 10 volt input 
changes, 10/usec acquisition time, and one millisecond 
Hold time. 

GAIN ACCURACY is the difference between INPUT 
and OUTPUT voltage (when in the Sample mode) due to 
amplifier gain errors. 

DROOP RATE is the voltage decay at the output when 
in the Hold mode due to storage capacitor, FET switch 
leakage currents, and output amplifier bias current. 

FEEDTHROUGH is the amount of the input voltage 
change that appears at the output when the amplifier is in 
the Hold mode. 

APERTURE TIME is the time required to switch from 
Sample to Hold. The time is measured from the 50% 
point of the mode control transition to the time at which 
the output stops tracking the input. 

ACQUISITION TIME is the time required for the 
Sample and Hold output to settle within a given error 
band of its final value when the mode control is switched 
from Hold to Sample. 

CHARGE OFFSET is the offset that results from the 
charge coupled through the gate capacitance of the 
switching FET. This charge is coupled into the storage 
capacitor when the FET is switched to the “hold” mode. 


CONTROL 

SIGNAL 


SAMPLE 


HOLD ISAMPLE 


TIME 



FIGURE 13. Sample-Hold Errors 


OPERATING INSTRUCTIONS 


EXTERNAL CAPACITOR SELECTION 

Capacitors with high insulation resistance and low 
dielectric absorption, such as teflon, polystyrene or 
polypropylene units, should be used as storage elements 
(polystyrene should not be used above -F85°C). Care 
should be taken in the printed circuit layout to minimize 
AC and DC leakage currents from the capacitor to reduce 
charge offset and droop errors. 

The value of the external capacitor determines the droop, 
charge offset and acquisition time of the Sample/ Hold. 
Both droop and charge offset will vary linearly with 
capacitance from the values given in the specification 
table for a 0.001 /iF capacitor. With a capacitor of 0.0 1 ijlF 
the droop will reduce to approximately 2.5 /xV / ms and the 


charge offset to approximately 1 .5mV. Figure 5 shows the 
behavior of acquisition time with changes in external 
capacitance. 

OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the Sample/ Hold should be 
switching continuously between the Sample and the Hold 
mode. The error should then be adjusted to zero when the 
unit is in the Hold mode. In this way, charge offset as well 
as amplifier offset will be adjusted. When a 0.001 /jlF 
capacitor is used, it will not be possible to adjust the full 
offset error at the Sample Hold. It should be adjusted 
elsewhere in the system. 
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APPLICATIONS 


DATA ACQUISITION 

The SHC298AM may be used to hold data for 
conversion with an analog to digital converter or 
used to provide Pulse Amplitude Modulation 
(PAM) data output. 


' O.OOSmF 

0.1 mF Storage to A/D 

Converter I 


Mode Control Hold- 


FIGURE 15. PAM Output 


xi i Mode _L 

Multiplexer Comro , xr 


FIGURE 14. Data Acquisition 


DATA DISTRIBUTION 

The SHC298AM may be used to hold the output of 
a digital to analog converter whose digital inputs 
are multiplexed. 


Storage 

0.1 n F Capacitor 


TEST SYSTEMS 

The SHC298AM is also well suited for use in test 
systems to acquire and hold data transients for 
human operators or for other parts of the test 
system such as comparators, digital voltmeters, etc. 
With a 0. 1 fi F storage capacitor, the output may be 
held 1 0 seconds with less than Q» 1 % error. With a 1 
juF storage capacitor, the output may be held more 
than 15 minutes with less than 1% error. 



Digital pVj D/A 
Inputs LVl Converter 


Additional SHC298 Units 



FIGURE 16. Data Distribution 
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HIGH SPEED DATA 
ACQUISITION 

The minimum sample time for one channel in a data 
acquisition system is usually considered to be the 
acquisition time of the Sample and Hold plus the 
conversion time of the analog to digital converter. If two 
or more Sample and Holds are used with a high speed 
multiplexer, the acquisition time of the Sample and Hold 
can be virtually eliminated. While the first channel is in 
hold and switched on to the ADC, the multiplexer may be 
addressed to the next channel. The second Sample and 
Hold will have acquired this data by the time the 
conversion is complete. Then, the Sample and Holds 
reverse roles and another channel is addressed. For low 
level systems, an instrumentation amplifier and double- 
ended multiplexer may be connected to the Sample and 
Hold inputs. The settling time of the multiplexer, 
instrumentation amplifier, and Sample and Hold can be 
eliminated from the channel conversion time as before. 



FIGURE 17. “Ping-Pong” Sample/ Holds 
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BURR-BROWN 



SHM60 


High Speed 
SAMPLE/HOLD 


FEATURES 

• Ipsec ACQUISITION 
•.01% ACCURACY 
•SELECTABLE GAINS - ±1 to ±1000 

• 12nsec APERTURE TIME 

• LOW FEEDTHROUGH - 0.005% 


DESCRIPTION 

Designed for use with fast A/D and D/ A converters 
and analog multiplexers, the Burr-Brown Model 
SHM60 high-speed sample/ hold acquires analog 
signals of up to ±10V amplitude and settles to 0.01% 
in less than 1.5Aisec for a 20V input step, and in less 
than ljusec for a 10V input step. Both analog input 
terminals are available for user selection of gains 
from unity to 1000. 

Internal compensation of charge storage effects and 
dielectric absorption are provided to assure accurate 
and fast operation. The SHM60 dynamic 
nonlinearity of 0.01% is specified for hold periods of 
up to 15/xsec to simplify the user’s task of computing 
system throughput error for specific operating 
conditions. 

The 2" x 2" x 0.4" encapsulated modular package 
operates from ±15VDC power and is compatible 
with Burr-Brown’s line of fast A/D and D/A 
converters such as Models ADC85 and ADC80 and 
ADC84 A/D converters, and DAC85, DAC80 and 
DAC85 D/A converters. 

A few of the more popular applications for the 
SHM60 are: 

A/D converter aperture error reduction 
Time correlation of sampled signals 
i.e., simultaneous sample/ hold 
Multiplexing D/A converter outputs 
Generation of pulse-amplitude-modulation 
(PAM) telemetry signals 
Analog memory for analog computations 
... and many more. 
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SPECIFICATIONS 

Typical at 25°C and rated supplies unless otherwise noted. 


ELECTRICAL 




1 

MODEL 

SHM60 | 


Min 

Typ 

Max 

Units | 

[ INPUT 

ANALOG INPUT 

Signal Voltage 

-10 


+ 10 

V 

Maximum Safe Input 1 

-15 


+ 15 

V 

Impedance 


10 1 1 


ft 

Bias Current 


50 


PA 

DIGITAL INPUT (Mode Control) 2 
Sample Mode (Logic 1) 
at 100 mA Source 

Hold Mode (Logic 0) 

+2.4 


+ 5.0 

V 

at 50 nA Sink 

0.0 


+0.8 

V 

Rise Time for Specified Performance 



5 

nsec 

INPUT POWER 

+ 15V Supply Voltage Range 

+ 14.55 

+ 15 

+ 15.45 

Vdc 

-15V Supply Voltage Range 

Quiescent Current 

-14.55 

-15 

-15.45 

Vdc 

+ 15V Supply - Sample Mode 


25 


mA 

- Hold Mode 


17 


mA 

-15 V Supply - Sample Mode 


15 


mA 

- Hold Mold 


15 


mA 




±0.005 

±0.01 

% of 20V 



±0.005 

±0.01 

% of 20V 

Throughput Offset (Adj. to Zero) 5 


3 


mV 

Droop Rate 


1 

5 

MV/Msec 

Dielectric Absorption^ 


±0.005 


% of AV 

Noise 


100 


MV rms 

Common Mode Rejection Ratio 

10-4 



v/v 

Power Supply Rejection 


10 

30 

ppm/% 

ACCURACY DRIFT (o°c to +70°c) 

Throughput Drift 


±2 


ppm of 20V/°C 

Droop Rate 

doubles every 

10°C 


DYNAMIC CHARACTERISTICS 

Bandwidth (Full Power) 


400 


kHz 

Output Slew Rate 

Acquisition Time (to ±0.01%) 


25 


V/m sec 

10V Step 


0.8 

1 

Msec 

20V Step 


1.2 

1.5 

Msec 

Aperture Time 

Sample-to-Hold Transient 


12 


nsec 

Peak Amplitude 


50 


mV 

Settling to .01% 



200 

nsec 

Feedthrough in Hold Mode 



±0.005 

% of Step 

Change at input 

[output 


Voltage Range 

+ 10 



V 

Current Range 

±20 



mA 

Impedance (Short Circuit Protected) 

✓ 


1.0 

ft 

TEMPERATURE 





Specification 

0 to +70 


°C 

^Storage 


-55 to +125 

° c J 


NOTES: 

1. Input should never exceed supply by 
more than 0.6 volts. 

2. Shottky TTL compatible. 

3. Gain is user selectable. 


4. For 1 Msec SAMPLE and 
15 m sec HOLD times. 

5. Includes voltage and charge offsets. 


MECHANICAL 



WEIGHT: 56.7 grams (2 oz) 

MATING C ONNECTORS: 

2300 - P.C. Card and Terminals 

2301 - Set of 2 - 16 Pin Connector Strips 
PINS: Pin material and plating composition 
conform to method 2003 (solderability) of 
Mil-Std-883 (except paragraph 3.2 |. 
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DISCUSSION OF SPECIFICATIONS 


ACCURACY 

All SHM60 sample/hold units are tested for accuracy and are fac- 
tory trimmed to assure that all units meet critical specifications. 

DYNAMIC NONLINEARITY 

This is the unadjustable throughput error from input to output 
for a 1 microsecond SAMPLE period and a 15 microsecond 
HOLD period. Errors included in this specification are through- 
put nonlinearity, dielectric absorption, droop, thermal tran- 
sients and feedthrough. Offset errors must be adjusted to zero 
with an offset trim control and gain errors must be adjusted 
to zero with a gain trim control elsewhere in the system. 

ACCURACY - UNITY GAIN OPERATION 

The initial accuracy of the SHM60 is ±0.01% maximum of full 
scale range when operated as a unity gain voltage follower. 

GAIN and OFFSET ERRORS - GAINS OTHER THAN UNITY 
The SHM60 should be treated in the same manner as an opera- 
tional amplifier when gains other than unity are employed. The 
gain setting resistor parameters such as absolute accuracy and 
tracking ratio must be considered when computing error effects 
for gains other than unity. 

THROUGHPUT DRIFT 

The input to output accuracy drift over a 0°C to +70°C 
temperature range is the throughput drift - it is ±2 ppm/°C or 
±0.0002% of 20 volts. 

THROUGHPUT OFFSET 

The output offset voltage encountered in the HOLD mode 
after sampling a grounded input is throughput offset. This 
error includes charge offset at zero volts input as well as ampli- 
fier d.c. voltage offsets. 

ACQUISITION TIME 

The acquisition time of the SHM60 is defined as shown in 
Figure 1 . This is the time required for the SHM60 to turn on, 
slew and settle to 0.01% of the input voltage when the mode 
is changed from HOLD to SAMPLE. 


SAMPLE-TO-HOLD SWITCHING TRANSIENT 

When the mode control is changed from SAMPLE -to- HOLD, 
the switching transient that appears on the output is the 
sample-to-hold switching transient. 



FIGURE 2. Definition of Acquisition Time Droop and 
Sample-to-Hold Transient. 

DROOP RATE 

Droop in a sample/hold is the voltage decay at the output 
due to output amplifier bias current when operating in the 
HOLD mode. To determine the effects of droop on system 
accuracy, the droop rate is multiplied by the HOLD period. 

FEEDTHROUGH 

The amount of input voltage change seen at the output when 
the sample/hold is in the HOLD mode is feedthrough error. 
The low feedthrough error of 0.005%preserves the accuracy of 
the sampled signal and can be used to increase the throughput 
sample rate, especially in time multiplexed applications. 

APERTURE TIME 

Aperture time is the delay between the time the sample/hold 
is given the command to HOLD the input signal and the time 
that this actually occurs. The SHM60 aperture time of 1 2 
nanoseconds is sufficiently small to make aperture errors 
negligible for most applications. 



FIGURE 1 . Error vs. Acquisition Time (Unity Gain Follower). 



The 1 /usee acquisition time and 12 nanoseconds aperture 
window of the SHM60 offer an excellent way of 
SYSTEM reducing system sampling error at high throughput rates 

ERROR for sinusoidal data. Taking the maximum slope of a 

CONSIDERATIONS s * ne wave at zero cross * n 8 where maximum sampling 
error occurs, the error voltage as a percentage of full 
scale is proportional to the product of frequency and 
aperture time (At): 


% Aperture Error = 

100=2rfAt X 100 

V 

where AV = Aperture error 

V = Peak signal amplitude 

f = Maximum signal frequency 
At = Aperture time 
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INSTALLATION and OPERATING INSTRUCTIONS 

OPTIONAL VOLTAGE and CHARGE OFFSET ADJUSTMENTS 

Throughput OFFSET error may normally be adjusted to 
zero with a single external VOLTAGE OFFSET adjust 
control, as shown in Figure 4. A small CHARGE OFF- 
SET error of 1 mV to 3 mV in the HOLD mode may 
occur. This CHARGE OFFSET error may also be ad- 
justed to zero with an optional external CHARGE OFF- 
SET adjustment as shown in Figure 4. 


FIGURE 4. Optional CHARGE and VOLTAGE OFFSET 
Adjustment Connections. 


NOTES: 

1. The analog input signal should not be run under 
or over the module as this may degrade feed- 
through in the HOLD mode. 

2. Potentiometers should have a TCR of 100 ppm/ 
°C or less. 

• Care must be taken to provide a good low imped- 
ance common as there is an appreciable amount 
of current returned to the power supplies. 

• Power supply bypass capacitors are provided in 
the module, but additional bypassing may be 
required if excessive noise is present on the 
power supply lines. 


VOLTAGE 

OFFSET 

A DJUST 

L ^ iok | ~ 


Analog 

Input 


X 


H 



























9 




9 




■ 


Output 

-O 


Note 2 


CHARGE 

OFFSET 

ADJ. 
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BURR -BROWN 


VFC12 
VF.C1 5 
VFC12LD 
VFC15LD 


VOLTAGE-TO-FREQUENCY CONVERTERS 


APPLICATIONS 

A/D CONVERSION - 13-bit accuracy 

0PM FRONT END - 3+ digits accuracy 

LONG-LINE SIGNAL TRANSMISSION 
Increase noise immunity using only one 
transmission line 

OPTICAL ISOLATION 

Use simpler isolation techniques than with 
analog isolation and with only one isolator 

FEED RATE GENERATOR ANO CONTROL 
0.05% accuracy over 0°C to +70°C 

FEATURES 

LOW COST 

ONE SIGNAL LINE TRANSMISSION COMPACT 
1.5" x 1.5" x 0.4" module package 

ACCURATE 

0.005% linearity gives you 13-bit accuracy 
STABLE 

10ppm/°C max gain drift |LD versions) gives you 
excellent stability over temperature 

VERSATILE 

Many simple-to-implement scaling options 
Unipolar or bipolar operation - VFC15 

CONVENIENTLY SCALED 
1kHz per volt 



International Airport Industrial Park • P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 

PDS-3I4 


6-360 







GENERAL DESCRIPTION 


Voltage-to-frequency conversion is a simple and low cost method of converting analog signals 
into an equivalent digital form. The output is a TTL/DTL compatible digital pulse train whose 
repetition rate is proportional to the amplitude of the analog input signal; these pulses have 
constant width and constant amplitude. 

The Burr-Brown Model VFC 1 2 accepts 0 to 1 0 volt analog signals and is pin compatible with 
Teledyne Philbrick’s Model 4701 . The Model VFC 15 accepts either 0 to 20 volt or 0 to 
20 mA current analog signals. 

The VFC 12 operates over a DC to 10 kHz frequency range and the VFC 15 operates over a DC to 
20 kHz frequency range. 

The low 0.01% nonlinearity error of these V/F converters makes them excellent for use in 
applications where digital resolutions of 12 or 13 bits are desired. These 1 .5" x 1 .5" x 0.4" modular 
units are completely self-contained and require only ±15 Vdc power and input signal. The gain 
and offset are adjustable with external potentiometers. A number of optional configurations 
to scale the input or output for best compatibility with your system are easily realized with 
simple external circuitry. 


THEORY OF OPERATION 


The Model VFC 12 and Model VFC 15 are ultra-linear volt- 
age-to-frequency converters that provide a digital pulse train 
output whose repetition rate is directly proportional to the 
analog input voltage. To understand the operation of the 
circuit consider the block diagram in Figure 1 . 

Amplifier A1 is connected in an integrator configuration. 
The integrator capacitor C begins charging at a constant rate 
in response" to the input voltage until the output of A1 
reaches a certain potential V re f. At this time a comparator 


triggers a frequency-controlling charge dispenser which re- 
moves a precision amount of charge from C. The frequency 
at which this charge transfer occurs is linearly related to the 
input voltage. 

A1 need not be an exceptionally high-gain or fast slewing 
operational amplifier. As long as the average current at the 
summing junction of A 1 is zero, the frequency of oscillation 
must be directly proportional to the input voltage with little 
dependence on the gain or speed of Al. 



FIGURE 1. Functional Block Diagram of Model VFC 12. 
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SPECIFICATIONS 



MECHANICAL 


ANALOG INPUT 

Voltage Range 
Overrange (min) 

Impedance 

Maximum Safe Input Voltage 

INPUT POWER 

Rated VoltagesC 2 ) 

Supply Drain 
Typical 
Maximum 


TRANSFER CHARACTERISTICS 


TRANSFER EQUATION 
ACCURACY 

Full Scale Gain Error^ 3 ^ 

Offset Error( 4 ) 

Typical 

Maximum 

Linearity Error (max) 

V in = +1 mV to +10 V 
V in = +1 mV to +20 V 
Power Supply Sensitivity 

STABILITY (0°C to +70°C) 

Full Scale Drift (Gain + Offset) 
Voltage Input 
Typical 
Maximum 
Current Input 
Stability vs. Time 
Full Scale Drift 
Per day 
Per month 
Input Offset Drift 
Per day 
Per month 
Offset Drift 
Typical 
Maximum 

RESPONSE 

Settling Time for 10V Input Step 
Overload Recovery Time 

TEMPERATURE RANGE ~ 

Specification 

Operating (derated specifications) 
Storage 


OUTPUT 


Waveform 

Pulse Characteristics 
Logic 1 (High) 

Logic 0 (Low) 

Pulse Width 
Fan Out 
Impedance 

Capacitive Load (max) 


2 output pulses of new frequency 
plus 20 jusec 

1 to 2 pulses of new frequency 

0 to +70 
-25 to +85 
-55 to +125 


Train of TTL/DTL compatible pulses 

4.7 ±0.5 
0.2 ±0.1 
30 

10 TTL Loads 
3 

1000 


38.1mm 


--^I^r08mm 1.02mm-*]J*_ 

(0.20") (0.040') 

Dimensions in inches are shown in parentheses. 


BOTTOM VIEW 



20.32mm 

(0.80") 


Grid: 2.5mm 
( 0 . 1 ") 


Offset Trim- 
VFC12 
Current 
Input - 
VFC15 


MATERIAL: 

Case: Diallyl Phthalate or Epoxy Shell 
Pin material and plating composition conform 
to Method 2003 (solderability) of Mil-Std-883 
[except paragraph 3.2]. 

Weight: 25 grams (0.875 oz) 

Mating Connector: 1400 MC 


(1) FSR = Full Scale Range and is 10V for VFC12 and 20V for VFC15. 

(2) A regulated supply with 1% or less ripple is recommended. 

(3) Adjusted at factory for 9.900V =10 kHz. 

(4) May be externally adjusted to zero. 
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DISCUSSION OF SPECIFICATIONS 


DYNAMIC SIGNAL RANGE 

The VFC12 is specified to operate over a DC to 10 kHz fre- 
quency range for an input voltage of 0 to +10 volts. Since 
this unit has a specified overrange of 100%, it is possible to 
extend the input signal arid output frequency ranges to 20 
volts and 20 kHz respectively. However, the linearity is not 
guaranteed over this range. If the extended range of opera- 
tion is desired, Burr-Brown recommends using the VFC15 
for greater than 10 volt and 10 kHz operation. In addition 
to the extended voltage and frequency range, the VFC15 
has its input summing junction made available for applica- 
tions requiring current-to-frequency conversion and bipolar 
input signals up to ±10 volts. 

Figure 2 depicts the transfer function of these units. The 
input current-to-frequency transfer function for the VFC15 
is shown for a calibrated 1000 ohm shunt resistor (see 
page 6-365). 



FIGURE 2. Voltage or Current -to-Frequency Characteristic. 


ACCURACY 

The transfer linearity of these V/F converters is one of the 
most meaningful measures of accuracy since initial full scale 
and offset errors are externally adjustable to zero. All VFC 12 
and VFC 15 units are factory calibrated for maximum lin- 
earity error of 0.01% of full scale range input signals. Al- 
though Burr-Brown guarantees a maximum linearity error of 
±0.01% of full scale, the linearity error of these units is 
typically less than ±0.002% of full scale. The use of regulated 
power supplies with better than 1% regulation is recom- 
mended in order to maintain the accuracy of these units. 
The 0.01% linearity makes these units excellent for use as a 
front end for 10 to 12 bit resolution A/D converters, and for 
highly accurate transfer of analog data over long lines in 
noisy environments. 

FREQUENCY STABILITY vs. TEMPERATURE 

Frequency drift is factory tested with the offset and full 
scale calibration made at 25 °C, and is expressed as parts per 
million of full scale range vs. temperature. Typically, full 
scale drift is ±20 ppm/°C over the operating temperature 
range for VFC 12 and VFC 15. VFC12LD and VFC15LD 
have typical full scale drifts of 8 ppm/°C. 



FIGURE 3. Frequency Drift vs. Temperature with Calibra- 
tion made at 25 °C. 


FULL SCALE AND OFFSET DRIFT 

All units are tested for full scale and offset drift over a 0°C 
to +70°C operating temperature range. Internal tempera- 
ture compensation is provided for ±50 ppm/°C maximum 
full scale drift and +5 ppm/°C offset drift for VFC 12 and 
VFC 15. Maximum full scale drift for VFC12LDand VFC 
15LD is +10ppm/°C. If external full scale and offset trim 
adjustments are provided, the temperature coefficient of the 
external components must be added to the specified drift 
components as shown on page 5-183 to determine the total 
thermal coefficients of drift. 


RESPONSE 

The settled response of these units to changes in input signal 
is specified for an input signal step change of 1 0 volts and is 
20 microseconds plus 2 output pulses of new frequency. 
For 10 volt input signal steps, the VFC 12 operating at 10 
kHz full scale frequency range, the step response settling is 
220 jusec; for the VFC 15 operating at 20 kHz full scale 
frequency range, the step response settling is 120 Msec. 
Figure 4 shows the typical response of these units to in- 
stantaneous changes in the input signal. 



FIGURE 4. Typical Response to Instantaneous Changes in 
the Input Voltage. 
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INSTALLATION AND OPERATING INSTRUCTIONS 


INSTALLATION 

The VFC 12 and VFC15 are designed for installation on 
a flat mounting surface such as a printed circuit board 
or a chassis. The pins may be hand or dip soldered; for 
plug in installations, the accessory connector (1400MC) 
or mounting jacks may be installed on a chassis or p.c. 
board. 

Particular attention should be given to wire or p.c. con- 
ductor path routing. All input signal lines should be as 
short as possible, and coupling from power supply lines 
should be minimized 


For best results, the power supply should have 1% or 
better regulation and low ripple and noise. The Burr- 
Brown Model 550 series ±15 volt output modular power 
supplies provide excellent regulation, and are recommend- 
ed for use with these V/F converters. Normally external 
power supply bypass capacitors are not required. How- 
ever, if a good quality low ripple power source is not 
available, 1 /iF or larger external bypass capacitors are 
recommended in order to prevent interference from 
power supply effects. 


CAUTION: Do not short Output to -1 5 Volt Pin. 


EXTERNAL CONNECTIONS 


FULL SCALE AND OFFSET ADJUSTMENTS 

The VFC12 and VFC15 V/F converters are factory cali- 
brated to meet all specifications. However, FULL SCALE 
and OFFSET may be user adjusted when absolute ac- 
curacy better than the specified initial accuracies are 
required. 

These units are factory calibrated to provide a FULL 
SCALE output frequency of 10 kHz for an input volt- 
age of 9.900 V ±0.05% and may be calibrated to provide 
10.000 kHz output frequency for an exact input voltage 
of 10.000 volts. OFFSET is factory calibrated to pro- 
vide an output frequency of 1 ±0.2 Hz for an input voltage 
of 1 .0 millivolts. 

Normally, OFFSET need not be adjusted unless absolute 
accuracies of better than ±0.004% are required. 


ADJUSTMENT PROCEDURE 


Select external potentiometers with low drift coefficients 
to preserve the drift characteristics of the V/F converter. 
The drift effects must be added to the ±50 ppm/°C speci- 
fied FULL SCALE temperature coefficient. For example, 
external component contribution of Rq to drift will be: 


R i 

33 k + Rj 


x Tempco Rj 


/°C 


To calibrate these units, first apply +1.0 mV to the 
analog input terminals and adjust R 2 for f ou t = 1.0 Hz. 
Then apply +10.000 volts to the input and adjust Rj for 
f 0 ut = 10.000 kHz. Interaction between Ri and R 2 is 
generally negligible due to the low initial offset voltage; 
however, repeating the above calibration will insure pre- 
cise calibration. 



FIGURE 5 . VFC 12 Optional FULL SCALE and OFFSET 
Adjustments. 



FIGURE 6. VFC 15 Optional FULL SCALE and OFFSET 
Adjust for Voltage Input Signals. 


NOTE 1 : Digital and Analog grounds should be 
tied together as close as possible to the power 
supply common. 
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OPERATING OPTIONS 

CURRENT-TO-FREQUENCY CONVERSION 


A method of obtaining direct conversion of input currents 
of 0 to 10 mA for Model VFC12 and 0 to 20 mA for Model 
VFC15 corresponding to output frequency ranges of 0 to 
10 kHz and 0 to 20 kHz respectively is described in Figure 7. 
Figure 7 describes a calibrated 1000 ohm shunt resistance 
across the voltage input terminals. Full scale output is cali- 
brated by adjusting the 1000 ohm shunt performing the 
usual offset adjustments. 


The second technique, described in Figure 8, is a simple 
current divider into the summing junction (CURRENT 
INPUT) of the VFC15. This method offers the advantage 
of limiting the voltage swing on the input terminal to a 3.8 
to 5.55 volt range for a 0 to 20 mA input current range, 
depending on the value of the full scale adjustment potentio- 
meter, offering better compliance to the current source. 
OFFSET may be adjusted as shown on page 6-364. 


VFC12 or VFC15 VFC15 



FIGURE 7. VFC15 Current-to-Frequency Conversion FIGURE 8. VFC15 Current-to-Frequency Conversion 

using Voltage Input Terminals. using Current Input Terminal. 


SCALING FOR BIPOLAR INPUT VOLTAGE RANGE 


The summing junction (CURRENT INPUT) of the VFC15 
is made available for scaling the unit to accept ±5 volt or 
±10 volt input signals. An external reference and scaling 
resistors must be connected to the CURRENT INPUT. 
OFFSET is adjusted as shown on page 6-364. 

Figures 9a and 9b show an example with a +10 volt refer- 
ence. The reference regulation and drift should be low in 
order to preserve signal accuracy. The output frequency 
range for these input voltage ranges will be centered at 5 


kHz for the ±5 volt range and at 1 0 kHz for the ±10 volt 
range. The corresponding output frequency ranges will be: 


SIGNAL RANGE 

INPUT SIGNAL 

OUTPUT FREQUENCY (kHz) 


-5 V 

0 

±5 V 

0 V 

5 


+5 V 

10 


-10 V 

0 

±10V ! 

0 V 

10 


+ 10 V 

20 



FIGURE 9a. Scaling the VFC15 for ±5 volt Bipolar 
Operation. 


VFC15 



Analog + iov 
Input ~ 10 


FIGURE 9b. Scaling the VFC15 for ±10 volt Bipolar 
Operation. 
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SQUARE-WAVE OUTPUT 

A type D flip-flop in a frequency dividing config- 
uration provides a convenient method of obtaining 
a variable width square wave output from the 
VFC12 or VFC15 as shown in Figure 10. The out- 
put of the V/F converter is used to drive the clock 
input of the flip-flop. 



FIGURE 10. Square Wave Output Using a Type D Flip-Flop. 


DRIVING HIGH NOISE 
IMMUNITY LOGIC 

A pullup resistor to +15 volts on the V/F converter 
output as shown in Figure 1 1 provides 4 volt noise 
immunity for driving high noise immunity logic 
(HNIL). 

OUTPUT ISOLATION 

Optical coupling the V/F converter outputs pro- 
vides an excellent method of obtaining 500 Vdc 
or 1000 Vac p-p isolation between the V/F con- 
verter and a receiving device. The isolation is 
accomplished digitally, preserving signal accuracy. 
The common mode capability of the circuit shown 
in Figure 12 is limited only by the optical isolator 
and the power supply. 


V/F 

Converter 
Output O' 


+ 15V 

2.2k 


To HNIL 


FIGURE 1 1 . Pullup Resistor for Driving HNIL. 



FIGURE 12. Optical Isolation of V/F Converter Output. 
NOTE 1 : This +5 V supply is isolated from the +5 V supply 
used for the diode. 


SCALING FOR IkHZ OUTPUT FREQUENCY RANGE 


Two methods are described in Figures 1 3 and 14 for obtaining a 

GAIN ATTENUATION 

In the circuit of Figure 13 the input is attenuated by a 10: 1 
divider. This technique is the least expensive to implement 
but has the disadvantage of added thermal drift of the exter- 
nal components and does not permit the V/F converter to 
operate over the most linear portion of its frequency range. 


FULL 



FIGURE 13. 1 kHz Full Scale Output Frequency Range 
Using Input Attenuation Network. 


1 kHz full scale V/F converter using the VFC12 or VFC15. 

FREQUENCY DIVISION 

Figure 14 illustrates the best method of obtaining a 1 kHz 
frequency range using an external decade counter. The dis- 
advantages of the gain attenuation technique are overcome, 
but this technique is more expensive to implement. 


VFC12 or VFC15 



FIGURE 14. 1 kHz Full Scale Output Frequency Range 
Using Decade Counter. 
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Voltage-to-Frequency 
and Frequency-to-Voltage 
CONVERTER 


FEATURES APPLICATIONS 

• RELIABLE MONOLITHIC CONSTRUCTION • INEXPENSIVE A/D AND D/A CONVERTER 


• HIGH LINEARITY 

±0.01% max at 10kHz FS 
±0.05% max at 100kHz FS 

• V/F OR F/V CONVERSION 

• 6-DECADE DYNAMIC RANGE 

• VOLTAGE OR CURRENT INPUT 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 

DESCRIPTION 


• DIGITAL PANEL METERS 

• TWO-WIRE DIGITAL TRANSMISSION WITH NOISE IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 


The VFC32 monolithic voltage-to-frequency and 
frequency-to-voltage converter provides a simple 
low cost method of converting analog signals into 
digital pulses. The digital output is an open collector 
and the digital pulse train repetition rate is pro- 
portional to the amplitude of the analog input 
voltage. Output pulses are compatible with DTL, 
TTL, and CMOS logic families. 

The converter requires two external resistors and two 
external capacitors to operate. Full scale frequency 
and input voltage are determined by one resistor (in 


series with -IN) and two capacitors (one-shot timing 
and input amplifier integration). High linearity is 
achieved with relatively few external components, 
e.g., ±0.01% at 10kHz. The other resistor is a non- 
critical open collector pull-up (four to +V C c). 

The VFC32 is available in three models and two 
package configurations. The TO-lOO versions are 
hermetically sealed, and specified for the -25°C to 
+85°C and -55°C to +125°C ranges, and the epoxy 
dual-in-line unit is specified from 0°C to +70°C. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25° C and ±15VDC power supply unless otherwise noted. 


VFC32KP 


CHARACTERISTICS CONDITIONS 


INPUT (V/F CONVERTER) Fout = Vin / 7.5 RiCi, Figure 6, Input Amp 


Voltage Rangel D 
Positive Input 

Negative Input 
Current RangelD 
Bias Current 
Inverting Input 
Noninverting Input 
Offset Voltage(2) 
Differential Impedance 
Common-mode 
Impedance 


INPUT (F/V CONVERTER) Vout = 7.5 RiCi Fin, Figure 9, Comparator 


Impedance (Comp In) 
Logic “1” 

Logic “0” 

Pulse-width Range 


ACCURACY 


Linearity Error(3) 0.01Hz < oper 

freq< 10kHz 
0.1Hz < oper 
freq < 100kHz 
0.5Hz < oper 
freq < 500kHz 


Offset Error Input 
Offset Voltage(2) 
Offset Drift<6) 


Gain Error(2) 
Gain Drift!®) 


Full Scale Drift 
(offset drift & 
gain drift )(6)(7) 


Power Supply 
Sensitivity 




f = 10kHz 


f = 10kHz 


f = DC, ±VcC = 12VDC 
to 1 8VDC 


OUTPUT (V/F CONVERTER) (open collector outpu 


Voltage, Logic ”0” 
Leakage Current, 

Isink = 8mA 

Logic “1” 

Vo = 15V 

Voltage, Logic “1” 

External pull-up resistor 
required (see Figure 4) 

Pulse Width 

For Best Linearity 

Fall Time 

Iout = 5mA, Cload = 500pF 


OUTPUT (F/V CONVERTER) Vout 


Voltage 

lo = 7mA 

Current 

Vo = 7VDC 

Impedance 

Closed loop 

Capacitive Load 

Without oscillation 

| DYNAMIC RESPONSE 

Full Scale Frequency 
Dynamic Range 
Settling Time 

(V/F) to specified linearity 
for a full scale input step 

Overload Recovery 

< 50% overload 


POWER SUPPLY 


Rated Voltage 
Voltage Range 
Quiescent Current 


TEMPERATURE RANG 



Specification 

Operating 

Storage 


jEfji 

; 
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NOTES: 

1 . A 25% duty cycle (0.25mA input current ) is recommended where possi ble to achieve best linearity. Up to 50% duty cycle 
(0.5mA) is recommended above 200kHz. 

2 Adjustable to zero. See Offset and Gain Adjustment section. 

3. Linearity error is specified at any operating frequency from the straight li ne intersecting full scale frequency and 0.1 % of 
full scale frequency. See Discussion of Specifications section. Above 200kHz, it is recommended all grades be operated 
below +85° C. 

4. ±0.015% of FSR for negative inputs shown in Figure 7. Positive inputs are shown in Figure 6. 

5. FSR = Full Scale Range (corresponds to full scale frequency and full scale input voltage>. 

6. Exclusive of external components’ drift. 

7. Positive drift is defined to be increasing frequency with increasing temperature. 

8. For operation above 200kHz up to 500kHz, see Discussion of Specifications and Installation and Operation sections. 

9. One pulse of new frequency plus 1/usec. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltages 

±22V 

Output Sink Current (Fout) 

50mA 

Output Current ( Vout > 

+20mA 

Input Voltage, -Input 

±Supply 

Input Voltage, +lnput 

±Supply 

Storage Temperature Range 


VFC32BM, SM 

-65° C to +150°C 

VFC32KP 

-25° C to +85° C 


MECHANICAL 


VFC32BM, VFC32SM VFC32KP 

TO-100 PACKAGE EPOXY DUAL-IN-LINE 


NOTE: 

Leads in true position within 
0.10" (0.25mm) R at MMC at 
seating plane. 

Pin numbers shown for 
reference only, 

Numbers may not be 
marked on package. 




NOTE: 

Leads in true position within 
0.10" (0.25mm ) R at MMC at 
seating plane. 


A ft r'S ^ 




W U TTVTT 

Denotes Pin 1 




PIN CONFIGURATIONS 



VFC32KP 

EPOXY DUAL-IN-LINE PACKAGE 



+IN 

VOUT 

+VCC 

COMMON 

COMPARATOR 

INPUT 

NO 

NC 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (90% of full scale input or frequency and 0. 1% of 
full scale called zero). Linearity is the true measure of 
voltage-to-frequency converter’s performance, and is a 
function of the full scale frequency. Refer to Figure 1 to 
determine typical linearity error for your application. 
For a given full scale frequency, the linearity error 
decreases with decreasing operating frequency as shown 
in Figure 2. Also, best linearity is achieved at lower gains 
(AFout/ AVin) with operation as close to the chosen full 
scale frequency as possible. 

The high linearity of the VFC32 makes the device an 
excellent choice for use as the front end of A/D 
converters with 8- to 12-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire serial data transmission). 



FIGURE 1. Linearity Error vs Full Scale Frequency. 
(25% Duty Cycle) 



FIGURE 2. Linearity Error vs Operating Frequency. 
(25% Duty Cycle) 


FREQUENCY STABILITY vs TEMPERATURE 

The full scale frequency drift of the VFC32 versus 
temperature is expressed as parts per million of full scale 
range per °C. As shown in Figure 3, the drift increases 
above 100kHz, and this should be taken into account for 
specific applications. To determine the total accuracy 
drift over temperature, the drift coefficients of external 
components (especially Ri and Ci) must be added to the 
drift of the VFC32. Above 200kHz, it is recommended all 
grades be operated below +85°C with higher duty cycle 
(up to 50%) and higher output transistor collector current 
(up to 15mA). Linearity will, however, be degraded. 



FIGURE 3. Full Scale Drift vs Full Scale Frequency. 
(25% Duty Cycle) 


RESPONSE 

Response of the VFC32 to changes in input signal level is 
specified for a full scale step, and is 1 microsecond plus 1 
pulse of the new frequency. For a 1 0 volt input signal step 
with the VFC32 operating at 100kHz full scale, the 
settling time to within ±0.01% of full scale is 40 
microseconds. 

THEORY OF OPERATION 

The VFC32 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage in 
Figure 4. 

Essentially, the input amplifier acts as an integrator that 
produces a 2-part ramp. The first part is a function of the 
input voltage, and the second part dependent on the 
current sink. When a positive input voltage is applied at 
Vin, a constant current will flow through the input 
resistor, causing the voltage at fiw to ramp down toward 
zero, according to dV/dt = Vi N / RiCi. During this time, 
the constant current sink is disabled by the switch. Note, 
this period is only dependent on Vin and integrating 
components. When Hie ramp reaches a voltage close to 
zero, the comparator will cause the one-shot to fire. The 
one-shot period is determined by an internal 7.5V 
reference and Ci. The fouT signal will then change logic 
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FIGURE 4. Functional Block Diagram of the VFC32. 


states, going from a “0” to a “ 1 ”, and the switch will close, 
enabling the constant current sink. The ramp voltage will 
then change direction and begin to ramp up. Since 
Vin/Ri is always set up to be less than 1mA, the current in 
the integrating capacitor will flow toward the summing 
junction, and the ramp voltage rate of change will be; 


and: 

-AVouTti = +AVoirrt2 


t2 — Cl 


7.5V 

1mA 


The equations reduce to: 


dV 

dt 


VlN 


-1mA 


C 2 . 


Before the ramp voltage can saturate the input amplifier, 
the one-shot will reset, disabling the current sink, 
changing the output state back to logic ”0”, and restarting 
the cycle. Since the integrating capacitor C 2 affects both 
the rising and falling segments of the ramp voltage, its 
tolerance and temperature coefficient do not affect the 
output frequency. It should, however, have a leakage 
current that is small compared to Vin/Ri, since this 
parameter will add directly to the gain error of the VFC. 
Ci, which controls the one-shot period, should be very 
precise since its tolerance and temperature coefficient 
add directly to the errors in the transfer function. 

To operate the VFC32 as a highly linear frequency-to- 
voltage converter, open the connection between Vout and 
fiN, and connect V IN to Vout. The input frequency should 
be coupled through a capacitor to fiN, and a positive 
output voltage proportional to f tN will be generated at the 
Vout connection. For details see Installation and Opera- 
ting Instructions. 

The total VFC period is determined by the following 
equations, which is shown graphically in Figure 5. 


f ■ Vin 
° 7.5(Ri)Ci 



FIGURE 5. Integrator and VFC Output Timing. 


DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio of the one-shot 
period (t 2 > or pulse width, PW, to the total VFC period (ti 
+ t 2 >. It is measured at the full scale input voltage, which 
gives the full scale output frequency, Ffs. 

D= ir+tT =PWxFFs 



PW = 


D 

Ffs 


t .= ti + t 2 and i = c dv/dt 

C2 C2 

t = AVouTti— — 2 _ + AV 0 uTt 2 “r; — 2 — 7“ 

Vin/(Ri) ViN/(Ri)-lmA 


Duty cycle is related to the maximum input current and 
the 1mA (nominal) current sink. By reducing the equa- 
tions for t2 and fo: 
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Vin max/(Ri) _ I in max 
1mA 1mA 

A 25% duty cycle or less is recommended to achieve the 
best linearity. This corresponds to a maximum input 
current of 0.25mA. However, for frequencies above 
200kHz a higher duty cycle (up to 50%) will provide more 
stable high temperature operation at a sacrifice in 
linearity. 

In general, designs with the VFC32 include: (1 ) Choosing 
Fmax, (2) Choosing the duty cycle ( D = 0.25 typically), (3) 
Determining the one-shot PW, and (4) Calculating Ci, 
C2, Ri, R2, and R3. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 


The VFC32 can be connected to operate as a V/F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 



FIGURE 6. Connection Diagram for V/F Conversion, 
Positive Input Voltages. 



FIGURE 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 


Differential inputs are also possible (in Figure 7 lift 
ground on R3 and drive R3 and pin 14 differentially) 
Note, no CMR will be present. 

The full scale frequency and full scale input voltage 
(current) are established by the selection of values for R 1 , 
C2, and Cl. Most applications will require a gain 
adjustment pot (R3), but the offset adjust network (R4, 
R5) can be omitted if input offset voltages of 1 mV to 4m V 
can be tolerated. R2 is an output pull up resistor and its 
value depends on the pull up voltage and output drive 
requirements. 

EXTERNAL COMPONENT SELECTION CRITERIA 

One-shot Capacitor, Cl. This capacitor determines the 
duration of the output pulse, and is a function of the full 
scale frequency, according to this equation: 

Cl(pF) =[33 x 10 6 /fniAx]-30 
Above 425kHz use 47pF 

Select the closest standard value to the capacitance given 
by the equation. The initial tolerance of this capacitor is 
not critical since R3 will be adjusted to remove initial gain 
errors. The temperature drift is critical, since it will add 
directly to the errors in the transfer function. An NPO 
ceramic type is recommended. Every effort should be 
made to minimize the parasitic capacitance at this 
connection to the VFC32 and Cl should be mounted as 
close as possible. Figure 8 shows pulse width and FS 
frequency for various values of Cl. 



100 



0.1 


0.0001 0.001 0.01 0.1 
Capacitance Cl (mF) 


FIGURE 8. Output Pulse Width (D = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 


Input Resistor Rl and R3. Rl and R3 determine the 
magnitude of the current which charges the integrator 
capacitor. It is a function of the full scale input voltage, 
according to this equation for 25% duty cycle. 

Rl (k Cl) [90% - % tolerance Cl] x V rN max/0.25mA 
Rl is scaled down by [1 -(initial Cl tolerance + 0.1)] to 
allow the addition of a series gain adjusting pot, R3. 

R3 (kfl) = Vin max/0. 25mA - Ri 
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R1 should have a very low temperature coefficient since 
this drift adds directly to the errors in the transfer 
function. If the input signal is a current rather than a 
voltage, R1 and R3 should be replaced with a short 
circuit, and the full scale input current should be 0.25mA 
(25% duty cycle). Removal of gain error then requires 
adjustment of Cl. 

Integrating Capacitor C2. C2 is a function of the full scale 
frequency, according to this equation: 

C 2 (#jF) = 10 2 /fMAx below 100k Hz 

0.001/zF min above 100kHz 

Select the closest standard value to the capacitance given 
by the equation. The initial tolerance and temperature 
stability are not critical since these errors do no affect the 
transfer function. Since the leakage current of the 
capacitor introduces a gain error, select a capacitor with 
leakage that is small compared to the full scale input 
current e.g., 0.25mA. A mylar type is recommended. 
Output Pull Up Resistor R2. The open collector output 
can sink up to 8mA and still be TTL-compatible. Select 
R2 according to this equation: 

R2 min (fl) = VpuLLUp/(8mA - Load) 

A 10% carbon composition resistor is suitable for use as 
R2. 

Above 200kHz up to 500kHz it is recommended higher 
duty cycles up to 50% (l lr f=0.5mA) and a pull-up resistor 
that permits 15mA to flow in the output transistor be 
used. At this speed, capacitive loading should be mini- 
mized to lOOpF or less to allow the output voltage time to 
rise to logic one. Due to the large collector current, the 
logic zero may rise above +0.4V. This may require an 
interface circuit such as diode clamp or voltage compara- 
tor for coupling to TTL inputs. Note, that linearity will 
degrade. Also, it is recommended to stay below +85°C at 
high frequencies. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC32 as a frequency-to-voltage con- 
verter, connect the unit as shown in Figure 9. To interface 
with TTL-logic, the input should be coupled through a 
capacitor, and the input to pin 10 biased near +2.5 V. The 
converter will detect the falling edges of the input pulse 
train as the voltage at pin 10 crosses zero. Choose C3 to 
make t <0.1tp (See Figure 9). For input signals with 
amplitudes less than 5 V, pin 10 should be biased closer to 
zero, to insure that the input signal at pin 10 crosses the 
threshold. Errors are nulled following the procedure 
given on this page, using 0.00 IX full scale frequency to 
null offset, and full scale frequency to null the gain error. 
Use equations from V/ F calculations to find Ri, R3, R4, 
R5, Ci and C 2 . 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the VFC32 is 0.02% 
of FSR/% max. To maintain ±0.02% conversion, power 
supplies which are stable to within ±l%are recommended. 
These supplies should be bypassed as close as possible to 
the converter with 0.0 lyu F capacitors. 


Trimming Components R3, R4, R5. 

R5 nulls the offset voltage of the input amplifier. It 
should have a series resistance between lOkH and 100kfi 
and a temperature coefficient less than 100ppm/°C..R4 
can be a 20% carbon composition resistor with a value of 
10MH. 

R3 nulls the gain errors of the converter and compensates 
for initial tolerances of Rl and Cl. Its total resistance 
should be at least 20% of R 1 , if R 1 is selected 10% low (see 
Rl equation). Its temperature coefficient should be no 
greater than five times that of R 1 , to maintain a low drift 
of the R3 - R 1 series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 

1 . Apply an input voltage that should produce an output 
frequency of 0.001 X full scale. 

2. Adjust R5 for proper output. 

3. Apply the full scale input voltage. 

4. Adjust R3 for proper output. 

5. Repeat steps 1 through 4. 

If nulling is unnecessary for the application, delete R 4 and 
R5, and replace R3 with a short circuit. 



FIGURE 9. Connection Diagram for F/V Conversion. 

DESIGN EXAMPLE 

Given a full scale input of + 10V, select the values of Ri, 
R2, R 3 , Ci, and C 2 for a 25% duty cycle at 100kHz 
maximum operation into one TTL load. See Figure 6. 
Selecting Ci 

C, = [33x 10YW1-30 
= [ 33 x l0 6 /-100kHz ] - 30 
= 300pF 

Choose a 300pF NPO ceramic capacitor with ±1% 
tolerance. 

Selecting Ri and R3 (for D = 0.25; for D = 0.5 use0.5mA) 
Ri = [90% - % tolerance of Ci] x V IN max / 0.25mA 
= [0.9 -0.1] x 10V/0.25mA 
= 32kO 
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Choose a 32.4kfl metal film resistor with ±1% 
tolerance. 

R ? = 10V/0.25mA-R, 

= 8kO 

Choose a lOkfl cermet potentiometer 
Selecting C 2 
C 2 = 10"/Fmax 
= 10 2 / 100kHz 
= 0.001/uF 


Choose a 0.001/xF mylar capacitor with ±5% tolerance. 
Selecting R 2 

r 2 = VpuLi.up/(8mA - itoAi)) 

= 5V/(8mA - 1.6mA), one TTL-load = 1.6mA 
-78in 

Choose a 7500 1/ 4-Watt carbon Composition 
resistor with ±5% tolerance. 


TYPICAL APPLICATIONS 

Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC32 
ideal for a variety of VFC applications. High accuracy 


allows the VFC32 to be used where absolute or exact 
readings must be made. It is also suitable for systems 
requiring high resolution up to 12-bits. 

Figures 10 - 14 show typical applications of the VFC32. 



FIGURE 10. Inexpensive A/D with Serial Transmission of Digital Data. 



FIGURE 1 1. Inexpensive Digital Panel Meter. 



FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output). 



FIGURE 13. Digitally Selectable Function Amplifier 
with Serial Data Output. 



and D 2 switch on alternately as polarity of 
input signal changes, thus maintaining 
direction of integrator current. V / F 
converter cannot distinguish between signal 
polarities of the same magnitude and so 
generates the same frequency for both. 
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BURR-BROWN'*' 



VFC42 

VFC52 



VOLTAGE-TO-FREQUENCY AND 
FREQUENCY-TO-VOLTAGE CONVERTER 


FEATURES 

• V/F OR F/V CONVERSION 

• TWO FREQUENCY RANGES 

10kHz (VFC42) 

100kHz JVFC52) 

• LOW NONLINEARITY 

±0.01% max (VFC42) 

±0.05% max (VFC52) 

• MINIMAL EXTERNAL COMPONENTS REQUIRED 

Add only one external resistor for V/F operation 

• 6 DECADE DYNAMIC RANGE 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 

DESCRIPTION 

VFC42 and VFC52 are hybrid microcircuits which 
can be connected as voltage-to-frequency or 
frequency-to-voltage converters. They provide a 
simple, low cost method of converting analog signals 
into an equivalent digital form. The digital output is 
an open collector which can be made compatible with 
DTL, TTL, or CMOS logic. The output is a train of 
constant-amplitude, constant-width pulses whose 
repetition rate is proportional to the amplitude of the 
analog input voltage. In the frequency-to-voltage 
mode the pulses become the input and the 
proportional DC voltage, the output. 

Both models are offered in epoxy (-25°C to +85°C) 
and hermetic metal (-25°C to +85°C and -55°C to 
+125°C) 14-pin DIP packages. 
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THEORY OF OPERATION 


VFC42 and VFC52 hybrid voltage-to-frequency 
converters provide a digital pulse train output whose 
repetition rate is directly proportional to the analog input 
voltage. To understand the circuit’s operation see 
Figure 1. 

The input amplifier is connected in an integrator 
configuration. When a positive input voltage is applied at 
Vin, a constant current flows through the input resistor 
causing voltage at fiN to ramp down toward zero, 
according to dV/dt = V 1 N/R 1 C 2 . During this time the 
constant current sink is disabled by the switch. When the 
ramp reaches zero volts, tne comparator causes 
the one-shot to fire. The foui signal then changes 
states, going from logic 0 to logic 1 and the switch closes, 
enabling the constant current sink. Ramp voltage then 
changes direction and begins to ramp up. Since Vin/Ri is 
always set to be less than 1mA, current in the integrating 


capacitor flows toward the summing junction and ramp 
voltage range of change will be /~isV imA 

dv _ VW m 

dt C 2 

Before the ramp voltage can saturate the input amplifier, 
the one-shot resets, disabling the current sink, changing 
the output state back to logic 0 and restarting the cycle. 
To operate VFC42 and VFC52 as highly linear 
frequency-to-voltage converters, open the connection 
between Vout and fi N and connect Vin to Vout. The input 
frequency should be coupled through a capacitor to fm. A 
positive output voltage proportional to fm will be 
generated at the Vout connection. An external capacitor 
connected between pins 13 and 14 (paralleling C2) should 
be added to reduce output ripple. Refer to Operating 
Instructions, page 5, for detailed information on F/V 
operation. 



FIGURE 1. Functional Block Diagram 


DISCUSSION OF SPECIFICATIONS 


LINEARITY 

Linearity, the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (full scale input and zero input), is the true measure 
of a VFC’s performance and is a function of full scale 
frequency. The high linearity of VFC42 and VFC52 
makes these devices an excellent choice for use in A/D 
converters with 10 (0.05%) and 12 bit (0.012%) accuracy 
and for highly accurate analog data transfer over long 
lines in noisy environments. 

FREQUENCY STABILITY VS TEMPERATURE 

Frequency stability vs temperature is expressed as parts 
per million of full scale range per°C. Since frequency drift 


is a function of the specified temperature range, the “SM” 
models will meet the lower drift specifications of the 
“BM” models over the narrower -25°C to +85°C 
temperature range. Error sources do not drift linearly 
over temperature, consequently the units drift much less 
at higher temperatures. 

RESPONSE TIME 

Response time of VFC42 and VFC52 to input signal level 
changes is specified for a full scale step and is 1 /xsec plus 1 
period of the new frequency. Typical settling time to 
within rated linearity for a positive input voltage step of 
+10V is 101 /usee for VFC42 and lljusec for VFC52. 
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ELECTRICAL SPECIFICATIONS 


Specifications at T A = +25°C and ±15VDC power supplies unless otherwise noted. 


MODEL 


VFC42 



VFC52 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Full Scale Frequency 


10 



100 


kHz 

INPUT 

1 

1 


Analog Input (V/F) 








Voltage Range 

0 


+ 10 

0 


+ 10 

V 

Current Range 

Input Bias Current (pin 14) 

0 


+0.25 

0 


+0.25 

mA 

Inverting Input 

Input Offset Voltage 


20 

100 


20 

100 

nA 

(trimmable to zero) 


100 

200 


100 

200 

MV 

Input Impedance (pin 1) 

32 

40 

48 

32 

40 

48 

kn 

Frequency Input (F/V) (pin 10) 








Logic Levels 

Logic “0” 

-Vcc 


-0.6 

-Vcc 


-0.6 

V 

Logic “1” 

+ 1.0 


+V C c 

+ 1.0 


+Vcc 

V 

Pulse Width Range (t 2 . Fig. 6) 

0.1 


15 

0.1 


1.5 

/use c 

Impedance 

1 II io 

1.2 || 10 


1 || 10 

1.2 || 10 


MG || pF 

TRANSFER CHARACTERISTICS 

1 

1 1 


Transfer Functions 


foi t = Vin ( LOO x 10’) 



four = V, N (LOO x 10 4 ) 


Hz 



Vot T = flN (10.0 x 10 ~ 4 ) 



Volt = fiN (10.0 x 10' 5 ) 


VDC 

Accuracy 








Full Scale Gain 








(adjustable to zero) 

Linearity Error 


0.1 

0.2 


0.1 

0.2 

% 

0.01 Hz ^ F ^ 10kHz 


0.005 

0.01 




% of FSR'” 

O.lHzsS F«S 100kHz 





0.025 

0.05 

% of FSR 

Offset Error (pin 1) 


0.001 

0.002 


0.001 


% of FSR/% 

Power Supply Sensitivity 1 21 


0.0015 

0.002 


0.0015 

0.002 

% of FSR/% 

Temperature Stability 

Analog Input 








Full Scale Drift (gain & offset) 

Grade: BP (hot /cold) 01 


±15/ ±50 

±30/ ±100 


±20/ ±50 

±30 / ± 1 50 

ppm/°C 

BM 


±15/ ±50 

±30/ ±100 


±20/ ±50 

±30/±150 

ppm/°C 

SM 


±30/ ±60 

±50/ ±100 


±30/ ±60 

±50/ ±150 

ppm/°C 

Offset Drift 

Grade: BP 


±1 

±3 


±1 

±3 

ppm of FSR/°C 

BM 


±1 

±3 


±1 

±3 

ppm of FSR/°C 

SM 


±1 

±3 


±1 

±3 

ppm of FSR/°C 

Frequency Input 








Full Scale Drift (gain & offset) 

Grade: BP (hot/ cold) ,3) 


±15/ ±50 

±30/±100 


±20/ ±50 

±30/±150 

ppm/°C 

BM 


±15/ ±50 

±30/±100 


±20/ ±50 

±30/ ±150 

ppm/°C 

SM 


±30/ ±60 

±50/±100 


±30/ ±60 

±50/±150 

ppm/°C 

Dynamic Response 








Settling Time to within 
linearity specification 








for full scale input step 

1 period of new frequency + 1/usec 

I period of new frequency + 1/usec 


Overload Recovery Time 

1 period of new frequency + 1/usec 

1 period of new frequency + 1 /usee 


OUTPUT 




Voltage Output 








Voltage Range 

0 to +10 



0 to +10 



V 

Output Current 

+10 



+10 



mA 

Output Impedance (closed loop) 



1 



I 

n 

Capacitive Load 

Frequency Output (open collector) 



100 



100 

pF 

Pulse Characteristics 








Logic “I” 



+VPULL-UP 



+VpuLL-UP 

V 

Logic “0” (at I 0 < -8mA 

0 


+0.4 

0 


+0.4 

V 

Pulse Width 

20 

25 


2.0 

2.5 


/usee 

Output Sink Current 
(Logic “0”, ^ 0.4V) 

Output Leakage Current 



8 



8 

mA 

(Logic “1”) 

Fall Time 



100 



100 

nA 

Iout — -5mA, Cload = 500 pF 



400 



400 

nsec 

POWER SUPPLY REQUIREMENTS 

II 


Rated Supplies 


±15 



±15 


V 

Supply Range 

Supply Drain (independent of 

±9 


±20 

±9 


±20 

V 

operating frequency) 


±5.5 

±6.5 


±5.5 

±6.5 

mA 


6-377 


VFC42 































ELECTRICAL SPECIFICATIONS CONTINUED: 


Specifications at T..\ = +25°C and ±15VDC power supply unless otherwise noted. 


MODEL 

VFC42 1 

| VFC52 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

TEMPERATURE RANGE 




Specification 








Grade. BP, BM 

-25 


+85 

-25 


+85 

C 

SM 

-55 


+ 125 

-55 


+ 125 

X 

Operating 








Grade: BM, SM 

-55 


+ 125 

-55 


+ 125 

X 

BP 

-55 


+ 100 

-55 


+ 100 

X 

Storage 








Grade: BP, BM, SM 

-55 


+125 

-55 


+ 125 

X 


TABLE I. Electrical Specifications 


I ABSOLUTE MAXIMUM RATINGS above which unit may be damaged. 1 

Supply Voltages 

±22V 

Output Sink Current (F„ u , pu i) 

50mA 

Output Current (V„ u , P ui) 

+20mA 

Input Voltage, Pin 14 

±Supply 

Input Voltage, Pin 1 

±Supply 

Storage Temperature Range 


Grade: BP, BM. SM 

-55°C to +I25 H C 


NOTES: 

1. % Of FSR = 

2. Rated at full 

3. Hot = +20 H C 


MECHANICAL SPECIFICATIONS 



t 

0.498" 

(I2.6mm) 

1 

, 0.858" 


(21.8mm) 



VFC42BM, VFC42SM 
VFC52BM, VFC52SM 

Hermetic Metal Package 
14 Pin DIP 


_ 0 . 10 " 
(2.54mm) 


♦ 0.160" 
j (4.06 mm) 

♦ 021 " 

| (5.33mm) 

0.018" 
(0.46mm) f 




0.30" 

■j (7.62mm) 


Tolerance (inches): .xxx ±0.005; .xx ±0.02 Connector: 14 pin DIP (I45MC) 

Case Material: Base - gold-plated kovar Cap - nickel-plated kovar or steel 
Pin material and plating compositions: Conformsto Mil-Std-883, Method 2003 (solderability) 
except paragraph 3.2 (aging). Hermeticity: Conforms to Mil-Std-883, Method 1014,Condition 
C, Step 1, Fluorocarbon (gross leak) and Condition A, Helium, 5 x 10 4 cc/' sec (fine leak) 


FIGURE 2. Hermetic Metal Package Specifications 


• Pin 1 Jndentification 

t 

0.50" 

(I2.7mm) 

1 

0.80" 


(20.3mm) 


VFC42BP, VFC52BP 

Epoxy Package 
14 Pin DIP 


mm 

—I u. 0.10' 

1 (2.54mm) 


Tolerance (inches): .xxx ±0.005 
.xx ±0.02 

Connector: 14 pin DIP (145MC) 
Case Material: epoxy 


0.25" 

(6.35mm) 

0 . 20 " 

(5.08mm) 


0.0191 
(0.48 mm) 


T 


0.30" 

(7.62mm) 


Pin material and plating composition: 
Conform to Method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2). 


% of Full Scale Range, 
scale input and ±15 V supplies. 

to highest rated temperature; cold = lowest rated temperature to ±20°C. 

CONNECTION DIAGRAMS 



FIGURE 4. Connection Diagram for V/F Operation 



FIGURE 3. Epoxy Package Specifications 


FIGURE 5. Connection Diagram for F/V Operation 
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OPERATING INSTRUCTIONS 


VFC42 and VFC52 can be connected for either V/F or 
F/V operation. Only one external component, the output 
pull-up resistor, is required for V/F operation. F/V 
operation requires the pull-up resistor and input biasing 
components. Gain error is the most significant error in 
either configuration and may be nulled out with the 
optional trim circuit (Rx and Ry). The offset error is laser 
trimmed at the factory and no external adjustment is 
required. 

Power Supply Consideration : Power supplies stable to 
within ±1% are recommended to maintain conversion 
accuracy. Each supply should be by-passed with 0.01/xF 
capacitors located as close to the VFC as possible. 


VOLTAGE-TO-FREQUENCY OPERATION 

Calculating the Value of Pull-Up Resistor, R P : The open 
collector output can be used to drive DTL, TTL, CMOS 
or discrete circuits. The maximum collector current 
allowed for TTL circuits in logic 0 is 8mA. R P may be 
calculated by this equation: 

Rp min = V pull-up/(8mA - Load). 

A 10% carbon composition resistor is suitable for this 
purpose. The collector current may be as great as 30mA if 
a logic 0 voltage of 1 .0V is tolerable. 

Gain Adjustment Procedure : Connect R x and Ry as 
shown in Figure 4. Apply positive full scale voltage to the 
input and adjust R x until 10kHz ±lHz (VFC42) or 
100kHz ±10Hz (VFC52) is obtained at fouT. Rx and R Y 
should have temperature coefficients of< 500ppm. These 
external components will add less than 5 ppm/°C to 
temperature drift. 


FREQUENCY-TO-VOLTAGE OPERATION 

Input Characteristics: VFC42 and VFC52 can be 
connected as frequency-to-voltage converters as shown in 
Figure 5. fiN should be a positive pulse train with 
minimum pulse width of 1 .Ojtxsec and rise and fall times of 
< 300nsec. The input train (fiw) is differential and applied 
to the input of the comparator (pin 10). Refer to Figure 6. 
Threshold voltage of the comparator lies between -0.6 
and + 1.0V. When comparator input is less than -0.6V it 
triggers the one shot. 


Selecting R A , Rb, and C A : Input components R A , Rb and 
Ca are selected so that the trigger voltage (Vr) is more 
negative than -0.6V and transition time (t2) is between 0.3 
and 15 //sec for VFC42 and between 0.3 and 1.5 //sec for 
VFC52. Table II gives values for input components for 
several common signal sources. Values for R A , R B and C A 
may be selected by the user when input signal 
characteristics differ from those listed. Conditions 
described above for trigger voltage and transition time 
must be observed. 

Equations to calculate trigger voltage and transition time 
are: 

V T= v B + v in< e 'V-l> 

„ . ■ i -v„ 


Vg = Bias voltage on pin 1 0 
V in = Input pulse amplitude 
tj = Input pulse width 

r = Time constant of R A , Rg, C A as connected 

If input pulse amplitude is greater than +V S - IV, a 
voltage larger than 4-V s will be applied to pin 10. Since 
this may damage the unit, a diode connected across R A 
with the cathode tied to +V S is required. 

Output Characteristics: Selecting Cb: Output ripple 
voltage amplitude is inversely proportional to the input 
frequency and to the value of the integrating capacitance, 
C2 + Cb. Ripple, therefore, will be greatest at low 
frequencies and at small values of C 2 + C B . Conversely, 
time required for the output to settle is directly 
proportional to the value of C2 + C B and is least with 
small values of C2 + C B . There is, therefore, a trade-off 
between output ripple amplitude and output settling 
time. 

Because ripple amplitude is greatest at lowest input 
frequency it is at this point where the trade-off will usually 
be made. Ripple voltage and integrating capacitance 
value are related in this manner: 

-(25 x l<r 6 )t sec 

Cg = — farads 

Mi __Ripple 

30V 

where t is equal to 25 //sec in the VFC42 and 2.5 //sec in 
the VFC52 and C is the integrating capacitance. 


Input Type 

V,nput (V) 

Vbias (V) 

VFC42 

VFC52 

Low 

High 

r a (kn> 

Rb (kn> 

Ca (pF) 

Ra (k a) 

Rb (H) 

Ca (pF) 

TTL 


>+2.8 

+ 1.1 

12 

1.0 

1000 

8.2 

680 

680 

5V CMOS 


>+4.5 

+ 1.2 

18 

'•6 

2200 

9.1 



10V CMOS 

<+1.0 

>+9.0 

+1.1 

12 


2200 

6.2 

510 

680 

15V CMOS 

<+1.5 

>+13.5 

+ 1.1 

12 


2200 

6.2 

510 

680 


TABLE II. F/V Input Component Selection. 
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Calculating output response time versus integrating 
capacitance is an iterative process and is plotted in 
Figure 7. These curves are for zero to full scale input 
frequency transitions. If faster response time with lower 
ripple voltage is desired, a low pass filter can be connected 
in series with the output 


Gain Adjustment Procedure: Connect R x and R Y as 
shown in Figure 5. Apply full scale frequency to the input 
and adjust Rx until full scale voltage is +10V ±lmV 
(discounting ripple). Rx and Ry should have temperature 
coefficients of < 500 ppm. These external components 
will add less than 5 ppm/°C to temperature drift. 



FIGURE 6. F/V Input Waveforms 



VFC52 0.1 1.0 10 100 1000 

Settling Time (msec) 

FIGURE 7. F/V Mode Output Settling Time vs. Ripple 
Voltage Amplitude for Full Scale Frequency Change 


APPLICATION 


VFC42 and VFC52 can be used to convert analog data 
into a digital pulse train for transmission over long lines 
through high EMI environments. Illustrated in Figure 8 is 
a V/F, F/V combination that can be used to transmit 


FIGURE 8. V/F, F/V Data Transmission Circuit 


analog data of 0 to +10V span over a 100H shielded, 
twisted-pair. The voltage ripple amplitude at the output 
will be lOmV for a 10V output and the settling time for a 
full scale 0 to +10V change is 60 milliseconds. 
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Low Cost 

12-BIT POWER DAC 


FEATURES 

• DIGITALLY PROGRAMMABLE VOLTAGE SOURCE 

±30VDC, 1A Continuous Output 

• RESISTOR-PROGRAMMED VOLTAGE RANGE AND 

CURRENT LIMIT 

• LOW COST 

• INPUT STORAGE REGISTER 

• +1/2LSB MAXIMUM NONLINEARITY 

DESCRIPTION 

The 4804 Power DAC offers versatility and low cost 
in automatic test equipment and process control 
applications. The output range is ±30VDC at 1A 
with built in current limiting at ±1.2 A. By adding one 
external resistor, you can select any full scale output 
range less than ±30VDC and still maintain 12-bit 
resolution. Also, the current limiting can be varied by 
changing the value of two easily accessible resistors. 
The package was designed for mounting on a PC 
card and can dissipate up to 20W internally in free air 
with no external heat sinking required. 
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DETAILED DESCRIPTION 


GENERAL 

The 4804 consists of a 12-bit storage register with strobed 
inputs, a 12-bit digital-to-analog converter, arid a power 
output stage. By changing the input code according to Table 
I, the output voltage may be varied between ±30V with out- 
put currents up to 2A continuous. The maximum internal 
power dissipation for various output conditions is described 
in Figure 3 and 5. Care must be taken not to exceed the 
power dissipation limits for the thermal environments de- 
scribed in the figures. 

No external adjustments or components are required to 
achieve the specified accuracy. If improved performance is 
required, two adjustments will null the offset and gain errors. 
The procedures for adjusting these parameters are described 
on page 6-385. 

To minimize noise levels in the 4804 the analog and digital 
signal returns are not internally connected. For proper op- 
eration, these two grounds must be externally connected 
together. 

STORAGE REGISTER 

The storage register consists of 12 integrated-circuit, positive- 
edge-triggered flip-flops utilizing TTL circuitry. The logic 
levels at the register inputs are transferred to the D/A conver- 
ter on the positive-going edge of the strobe pulse. Strobing 
occurs at a particular voltage level and is not directly related 
to the transition time of the positive -going pulse. When the 
strobe input is at either the high or low level, the inputs to 
the register have no effect on the D/A converter inputs. The 
strobe and register are fully compatible with most TTL or 
DTL circuits. 


To reduce gain and offset errors Below the specified values, 
OFFSET ADJUST and GAIN ADJUST trim points are provided. 
Follow the procedure shown on 6-385. 

POWER AMPLIFIER 

The power amp stage buffers the D/A converter signal and 
provides the power output capability. Connecting the ±30V 
RANGE pin to the output will preset the full scale range to 
±30V, giving the transfer function described in Table I; i.e. 
1 LSB = 14.65mV. Rp and Rg were selected for optimum 
temperature stability to minimize gain drift errors, and the off- 
set of the Power Amplifier has been nulled at the factory. By 
connecting a resistor between the Vquj RANGE ADJUST pin 
and the output, a variety of full scale ranges can be selected 
while maintaining 12-bit resolution. 

For optimum stability, the external resistor should have a T.C. 
which is less than ±10ppm/°C. The ±35 V inputs to the power 
amplifier may be reduced if full scale ranges less than ±30V are 
desired. To maintain the best accuracy, these supplies should 
not be reduced below ±15V. Since the 4804 output current is 
derived from the ±35 V power inputs, the current-carrying cap- 
ability of these power supply connecting leads should be 
considered. 

Rp and Rj^j determine the output positive and negative cur- 
rent limits, respectively, of the output. They have been 
preselected for current limiting of ±1.2 A, typ. The current 
limiting can be changed by replacing Rp and R^ with other 
values according to the following formula: 

1.2 V 

R = 

I current limit 


DIGITAL-TO-ANALOG CONVERTER 

The D/A converter stage accepts the digital output from the 
storage register and converts it into a bipolar analog signal 
according to Table I. 


It is not necessary that Rp and R^j be the same value. Since the 
output current of the 4804 flows through these resistors, the 
power dissipation of Rp and R^ should be considered. Both 
resistors are stud mounted for easy accessibility. 
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SPECIFICATIONS 


Typical at 2 5°C, rated power supplies, 
unless otherwise noted. 


and V Qut range = ±30 


ELECTRICAL 

INPUT 

Resolution 

1 2 bits 

Logic levels (TTL/CMOS Compatible) 


Logical “1” 

Logical “0” 

±2V < e in < +5.5 V @<+0.1mA 

OV < e in < +0.8V @ < -0:36mA 

Digital Input Coding 

offset binary (see Table I.) 

TRANSFER CHARACTERISTICS j 

TOTAL ACCURACY 


V out Range = ±30V 

±0.05% of reading 

Individual Error Contributors 

Linearity Error (0°C to +70°C) 
Differential Linearity Error 

Output Offset Voltage 

±’/ 2 LSB max 
±'/ 2 LSB max 
±3mV max 

Drift (0°C to +70°C) 

Gain 

Output Offset Voltage 

Differential Linearity 

±50ppm/°C max 
±70juV/°C max 
±2ppm/°C 

Power Supply Sensitivity 
+ 1 5V Supply 
-1 5V Supply 
+ 5V Supply 
±35V Supplies 

2mV/V\ 

6mV/v( for V out = ±30V ran g e 
400 mV/V* 

Settling Time 

(to within 0.01% of final value for 
any input, change) 

1 OOjusec max 

OUTPUT | 

Voltage Range @ I Qut = 1.0A 

Output Current 

Factory Adjusted Output 

Current Limit 

Output Resistance 

±29. 985V (= 30V -1LSB) 

(see Figure 5 and Note 1.) 

1.2 A typ 
lfi max . 

POWER SUPPLY REQUIREMENTS 


Rated Voltages 

Power Supply Operating Ranges 

Supply Drain 
±1 5V 
+5 

±35V 

± 1 5VDC, +5VDC, ±35VDC 
±5% 

±25mA 

+80mA 

±40mA ±output current 

TEMPERATURE RANGE 


Specification 

Operating 

Storage 

0°C to +70°C 
-25°C to +85°C 
-55°C to + 1 25°C 


MECHANICAL 


101 .85mm 
(4.010")max 



22.22mm tv (O.IO") 

,0 ^r 

T I*. 27.9rSt)6.4mm 

I 1 1 ' (1.10") '(0.25 ) 

Material : Extruded, black -anodized, aluminum heat sink 

and discrete components mounted on glass epoxy 
printed circuit board. 

4804 Connector: Amp 2 - 86479 - 3 
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Recommended mating 
Connectors: 


PC card: 0806MC 
Flexable: Scotchflex 3417 - 0000 


Diameter of mounting holes : 3.56mm (0.14") 


NOTE 1 : Output amplifier is capable of sourcing or sinking 2 amps con- 
tinuously. Resistors R M and Rp have been selected to current limit thfe 
output current to ±1.2 A typ. To increase I Qut capability, or modify the 
current limit setting, replace R M and R p according to instructions on 
page 6-382. Internal power dissipation should be considered, especially at 
low output voltages. 


ABSOLUTE MAXIMUM RATINGS 


+5V Supply 


±15V Supplies 



Output Amplifier Power 

Dissipation 

Output Current 


PIN CONNECTIONS 

BOTTOM 

PIN 

TOP 



■ 

-35V 

• 1 • 

-35V 

Output 

• 2 • 

Output 

+ 35V 

• 3 • 

+ 35V 

N.C. 

• 4 • 

N.C. 

-15 V 

• 5 • 

-15 V 

Ana. Com. 

• 6 • 

Ana. Com. 

+ 15V 

• 7 • 

+ 15V 

Ana. Com. 

• 8 • 

Ana. Com. 

N.C. 

• 9 • 

+ 30V Range 

Offset Adj. 

• 10 • 

V out Ran 9 e Adj - 

Strobe 

• 11 • 

Gain Adj. 

+ 5V 

• 12 • 

+ 5V 

Dig. Com. 

• 13 • 

Dig. Com. 

Bit 2 

• 14 • 

Bit 1 

Bit 4 

• 15 • 

Bit 3 

Bit 6 

• 16 • 

Bit 5 

Bit 8 

• 17 • 

Bit 7 

Bit 10 

• 18 • 

Bit 9 

Bit 12 

• 19 • 

Bit 1 1 

















DIGITAL INPUT CODES VS. Vg UT 

INPUT CODE 

NOMINAL OUTPUT VOLTAGE j 

MSB LSB 

±30V RANGE 

VARIABLE RANGE 

mi mil in 

+30.000V 

+ 10.000/ R G\V 



'10k' 

mi ini mo 

+29. 985V 

+9.995f^£\ V 
' 10k/ 

1000 00000 000 

+ 14.65mV 

+ 4 S 8 (ii;) mV 


0 111111.11 111 
0111111111 10 
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PROCEDURES FOR ADJUSTING OFFSET 
AND GAIN ERRORS . . . 


OFFSET AND GAIN ADJUSTMENT 

The offset and gain of the D/A converter stage may be trimmed using externally connected 
OFFSET ADJUST and GAIN ADJUST potentiometers. The adjustment procedure is out- 
lined below. Since the GAIN ADJUST is connected to a high impedance point in the D/A 
converter, a ceramic capacitor connected between this point and analog common is recom- 
mended to minimize noise pickup. The offset error should always be nulled before adjusting 
the gain error potentiometer. 


OFFSET ADJUST PROCEDURE 

Apply the digital code which could give the maximum posi- 
tive voltage output and adjust the OFFSET ADJUST poten- 
tiometer for the proper output voltage. For example, if the 
4804 is connected for a full scale range of ±30V, apply all 
ones to the input and adjust the potentiometer for an out- 
put of +30.000V. 



GAIN ADJUST PROCEDURE 

Apply the digital code which should give the maximum neg- 
ative voltage output, and adjust the GAIN ADJUST poten- 
tiometer for the proper output voltage. For example, if the 
4804 is connected for a full scale range of ±30V, apply all 
zeros and adjust the potentiometer for an output of 
-29.985V. 




DISCUSSION OF SPECIFICATIONS 


DIGITAL INPUT CODES 

The 4804 accepts TTL and CMOS compatible input codes 
in binary format. Table I shows the output voltage for 
selected inputs. 

ACCURACY 

Total Accuracy is the maximum deviation from the ideal 
output over the full output range. It is tested at 25°C and 
represents the maximum allowed value of the sum of the 
individual errors. The total accuracy is specified as a max- 
imum with the 4804 in the ±30V range configuration. If 
an output range less than ±30V is selected, the accuracy 
will improve as the power amplifier gain is reduced. 


Lineary Error for the 4804 is specified as a maximum over 
the temperature range of 0°C to +70°C. This means that 
the analog output will not vary by more than ± x h LSB 
maximum from an ideal straight line drawn between the 
“all bits ON” and “all bits OFF” end points. 

Differential Linearity is the deviation from an ideal 1 LSB 
voltage change from one adjacent output state to the next. 
A differential linearity error spec of ±Vi LSB means that 
the output voltage step sizes can be anywhere from Vi LSB 
to 3/2 LSB when the input changes from one adjacent 
input state to the next. 

Monotonicity over 0°C to +70°C is guaranteed in the 
4804. This insures that the analog output will increase or 
remain the same for increasing input digital codes. 
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DRIFT 


Gain Drift is measure of the change in the full scale range 
analog output over temperature. The GAIN DRIFT is de- 
termined by testing the end point differences at 0°C, +25°C 
and +70°C, calculating the GAIN ERROR with respect to 
the 25°C value, and dividing by the temperature change. 
This specification is expressed in ppm/°C. 

Offset Drift is a measure of the actual change in the output 
with all bits OFF (all 0’s) over the specified temperature 
range, and is measured at 0°C, +25°C and +70°C. 

OPERATING 

REMOTE SENSING 

In applications requiring that the load be located some dis- 
tance from the Power DAC, the line resistance from the 4804 
to the load can cause significant error, especially during oper- 
ation at high currents. To minimize this problem, connect 
the circuit with the line resistance inside the feedback loop 
of the output amplifier, as shown in Figure 8. This techni- 
que effectively divides the line resistance by the open loop 
gain of the output amplifier (94 dB min, with Rl 0AD 5 £2). 
To minimize noise pickup, the external feedback resistor 
should be located as close as possible to the 4804. 

Since the amplifier must still overcome the voltage drop in 
the line inside the feedback loop, the dynamic range of the 


FIGURE 8. Grounding Scheme With Remote Sensing 


The maximum change in OFFSET is referenced to the OFF- 
SET at 25°C divided by the temperature range. This drift is 
expressed in parts per million of full scale ranges per °C (ppm 
of FSR/°C). 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the effect of a 
power supply voltage variation on the 4804 output. It is 
defined as a change in output voltage per change in supply 
voltage with the ±30V output range. Power supply rejection 
is improved if a full scale range less than ±30V is selected. 


load voltage will be reduced by approximately I LOAD x 
RfiNE- P r0 P er grounding of the 4804, load, and digital 
stimulus will also reduce errors caused by ground loops. 

THERMAL CONSIDERATIONS 

The absolute maximum internal power dissipation of the 
output amplifier is 20 watts in free air at 25°C. Derate by 
0.2W/°C above 25°C. Thermal resistance from amplifier 
junction to ambient is 6°C/watt. Figure 5 shows internal 
power dissipation as a function of otuput voltage and load 
resistance with ±35V supply voltages. 



INSTRUCTIONS 
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Wafer Processing 


High quality products for demanding military and industrial applications are 
produced by our Military Products Group in a totally separate facility within 
Burr-Brown’s complex. 

Reliability is designed and manufactured-into our Military Products under 
the guidance of MIL-M-38510. 

All product families are fully specified from -55°C to +125°C with up to three 
performance grades and two product assurance levels (/883B and /MIL). 

The/883B models are 100% screened to M I L-STD-883, level B, method 5004 
or5008.The/MIL models have additional requirements of 10% PDA and QCI 
consisting of groups A and B on each inspection lot. 

How stringently our Military Products group controls and documents the 
assembly and testing of its products is described in the product flow section 
that follows. 

All materials used by the Military Products group have unique component 
specifications to assure thei r conform ity to M I L-STD-883, methods 201 0 and 
2017. 

Environmental control in our clean room areas meets and often exceeds 
Federal Standard 209B requirements for particle count. ESD (electrostatic 
discharge) procedures are fully observed through every stage of material 
handling, product assembly, testing, storage and shipment. Operator 
training, certification and re-certification conform to MIL-M-38510. 

MTTF data is based on actual product performance, not just calculated 
values. Qualification reports and test data are available. All data sheets 
follow military slash sheet format and, because of their completeness, can be 
transferred directly to your drawings with minimal modification. This 
standard QPL slash sheet format simplifies your requests to government 
agencies for non-standard parts approval. 


7-1 







A CONTROLLED MANUFACTURING FACILITY DEDICATED 
EXCLUSIVELY TO MILITARY QUALITY PRODUCTION 


• PERSONNEL- All production and quality control 
personnel directly involved with fabrication, 
inspection, testing and handling perform their 
functions according to appropriate MIL specs. 


• TRAINING - Operator training and certification 
programs provide trained personnel qualified to 
assemble and test the products. Certification 
requires classroom training and written exam- 
inations for initial certification. Periodic written 
exams must be passed to maintain certification. 


• WORK-IN-PROCESS ENVIRONMENT- All work- 
in-process is stored in a nitrogen environment. 
Critical assembly processes; die visual, die at- 
tach, wirebond and all inspections are performed 
under laminar flow hoods - equipped with ion 
grids - in a class 100 environment. 


Assembly Under Laminar Hood 


• ENVIRONMENTAL CONTROL - Clean room 
procedures, which conform to Federal Standard 
209B, provide class 10,000 clean air exceeding 
the class of 1 00,000 requirement of M I L-STD-883. 


• MANUFACTURING LOT CONTROL - Each lot 
has a unique flow sheet which documents lot 
number, parts list, operation, quantity, date of 
operation and operator’s identification. 


• EQUIPMENT CALIBRATION - Performed under 
the guidance of MIL-STD-45662. 


• STATIC CONTROL - To minimize static (ESD) 
damage, antistatic smocks, stainless steel table 
tops, stainless steel work-in-process trays, 
ground straps, ion grids under laminar flow 
hoods and anti-static shipping materials are 
used. 


• RECORD RETENTION - All flow sheets con- 
taining process data and inspection records are 
retained for three years. 


Die Shear 


• QUALIFICATION - All /MIL models are initially 
qualified per Ml L-STD-883, method 5004 or 5008, 
groups A, B, C and D as described in the 
products’ detailed specification. 


Wirebond (Aluminum) 


• MATERIAL CONTROL - Each product has a 
complete and current flow chart and flow sheet 
to assure accurate processing through assembly 
and test. Each manufacturing lot contains the lot 
numbers of its components listed by the quality 
control inspection identification (QCID number) 
all traceable back to the incoming vendor’s lot 
number. 


Wirebond (Gold) 
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ALL MODELS NOT REQUIRING LASER-TRIM 


PRODUCT FLOW 



Assures that all materials meet requirements of the 
applicable component specification. Usage tests 
are performed and vendor lot traceability begins. 


All material is maintained in a bonded stockroom to 
assure traceability. 

Orgination of manufacturing flow sheets, bill of 
material, materials and lot traceability records. 


• QC Lot Formation Gate -matches flow sheet, bill 
of materials and traceability records with mate- 
rials issued from the stockroom 

• Kit Inspection - piece parts and die are 100% 
visually inspected to methods 2010 and 2017. 

• Die Attach - eutectic (providing low ohmic 
contact) and non-conductive epoxy (cured at 
25°C above storage temperature in nitrogen). 

• In Process DieShearGate - performed to method 
2019 on each manufacturing lot. Assures the 
integrity of the die attach method. 

• Internal Lead Wires -Wires are of the same metal 
as the die metalization. Aluminum ultrasonic 
wirebond machines are mounted on shock tables 
to insure quality bonds. Gold-to-gold wirebonds 
are performed with thermosonic wirebond ma- 
chines. 

• In Process Wire Pull Gates - bonding operations 
are monitored at the beginning of each shift, 
every four hours, with a new lot, new operator or 
a machine adjustment. Both destruct and non- 
destruct tests are performed and the length and 
width of each wirebond is measured to verify 
conformance to method 201 0 or 201 7. 

• Pre-Cap Visual Inspection - Although not re- 
quired by MIL-STD-883 it is performed by Burr- 
Brown to method 2010 or 2017. 

Performed on all products that require laser trim- 
ming. 


All products that require laser-trimming receive a 
72-hour burn-in, in nitrogen, at+125°C. 
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Resistor networks are laser-trimmed to meet ap- 
plicable specifications. 

• Pre-Cap “B” Visual Inspection - a 100% visual 
inspection to method 2010 or 2017. 

• In Process QC Pre-Cap “B” Visual Gate - 
performed to method 2010 or 2017. (Source 
Inspection performed if required.) 

Following a vacuum bake at +125°C (to meet 
method 5004 or 5008 moisture content require- 
ments) products are welded, gold/tin or glass 
sealed. 

Marking is in accordance with MIL-M-38510and 
consists of; 

• Part number 

• Seal date code 

• Manufacturer’s identification ( jSTSi ®) 

• Manufacturer’s designating symbol (CEBS) 

• Country of origin 

A 24-hour minimum bake at +150°C per MIL-STD- 
883, method 1008, condition C. 


Ten cycles, from -65°C to +150°C per MIL-STD- 
883, method 1010, condition C. 


Performed to MIL-STD-883, method 2001 , in the Yi 
axis only. 


Product performance is compared to the specified 
DC parameters at 25°C. 


Total burn-in time is 160 hours minimum at an 
ambient temperature of +125°C per MIL-STD-883, 
method 1015. 

Product performance is compared to the specified 
DC parameters at 25°C. All 25°C parameters 
specified in the data sheets are read and recorded. 


7-4 





/883B MODELS 


/MIL MODELS 


DRIFT TEST 


FINE LEAK 


The assembly lot PDA ( percent defective allowable) 
cannot exceed 10%. 


All drift parameters as specified in the data sheet are 
100% tested at -55°C, -25°C, +25°C, +85°C and 
+125°C. 

100% test to MIL-STD-883, method 1014, test 
condition A. 


GROSS LEAK 


100% test to MIL-STD-883, method 1014, condition C. 


FINAL 
VISUAL 
•IPQC GATE 


100% external visual inspection to MIL-STD-883, 
method 2009. 

• Final Visual Quality Control Gate - to MIL- 
STD-883, method 2009. 


QUALITY 

CONFORMANCE 

INSPECTION 


Groups A and B inspection of MIL-STD-883, method 
5005 or 5008 are performed on each inspection lot. 
Groups C and D inspections are performed when 
agreed to by contract. A report of the most recent 
Groups C and D inspections is available from Burr- 
Brown at a nominal charge. 


DRIFT TEST 


FINE LEAK 


GROSS LEAK 


FINAL 
VISUAL 
•IPQC GATE 


This product flow illustrates major operations only. 
Space does not allow a complete description of the 
numerous details of all operations. Processes and 
flows may change to conform to latest revisions or 
to improved product performance and quality. 


BONDED 

FINISHED GOODS 
STOCK ROOM 









SELECTION GUIDE 
Military Products 




±2.5, 

MIL 


415.00 

±5, 

MIL 

1 32-pin 

325.00 

±10, 

MIL 

\ DIP 

290.00 

I 0 to +5, 

MIL 


270.00 

[ 0 to +10 

MIL 


230.00 



DIGITAL-TO-ANALOG CONVERTERS 


Model 

Resolution 

Bits 

Linearity 
±LSB, max 

Monotonicity 

Gain Drift 
±ppm/°C, max 

Settling Time 
max 

Output 

Ranges 

Temperature 

Range 

Package 

Priced) 

('$) 

Unit 

DAC87-CBI-V/MIL 

12 

1/2 

-55°C/+125°C 

20 

7 l 

[ ±2.5, 

MIL 


275.00 

DAC87-CBI-V/B 

12 

1/2 

-55°C/+125°C 

20 

7 

! ±5, 

MIL 

1 24-pin 

225.00 

DAC87-CBI-V 

12 

1/2 

-55°C/+125°C 

20 

7 J 

±10, 

MIL 

\ DIP 

180.00 

DAC87U-CBI-V/B 

12 

1/2 

-25°C/+85°C 

20 

7 1 

+s, 

MIL 


165.00 

DAC87U-CBI-V 

12 

1/2 

-25°C/+85°C 

20 

7 1 

[ +10 

MIL 


125.00 


MULTIPLIERS 









Price(4) 



Accuracy at 25°C 

Accuracy at 125°C 

Feedthrough 

Output Offset 

Output 

Temperature 


($) 


Model 

±%, max 

±%, max 

±mV, max 

±mV, max 

V, mA, min 

Range 

Package 

Unit 

Page 

4213WM/883B 

1/2 

4 

50 

25 


MIL 

TO-100 

125.00 

7-92 

421 3WM 

1/2 

4 

50 

25 

/ 

MIL 

TO-100 

110.00 

7-92 

4213VM/MIL 

1 

4 

100 

30 

I 

MIL 

TO-100 

95.00 

7-92 

4213VM/883B 

1 

4 

100 

30 

{ ±10, ±5 

MIL 

TO-100 

68.00 

7-92 

421 3VM 

1 

4 

100 

30 

1 

MIL 

TO-100 

53.00 

7-92 

4213UM/883B 

1 

2* 

100 

50 

v 

MIL 

TO-100 

45.00 

7-92 

421 3UM 

1 

•2* 

100 

50 


MIL 

TO-100 

35.00 

7-92 



Description 


Wideband OPA600VM/MIU2) 
OPA600VM/883B 
OPA600VM 
OPA600UM/883B 
OPA600UM 


OPAi05Wm/MIL(3) 
OPA1 05WM/883B 
OPA105WM/ 
OPA105VM/MIL(3) 
OPA105VM/883B 
OPA105VM 
OPA1 05UM/883B 
OPA105UM 


OPERATIONAL AMPLIFIERS 

Offset Voltage Bias Bandwidth Slew ts 

at 25° C drift Current Unity Gain Rate ±0.£ 
±mV, max ±/uV/°C max nA, max MHz, min V/*is,min n 





General 

3500R/MIL 

5 

20 ±5 

Purpose 

3500R/883B 

5 

20 ±2 

Bipolar 

3500U/883B 

5 

20* ±2 

Precision 

3510VM/MIL 

0.12 

2 ±Z 

Bipolar 

3510VM/883B 

0.12 

2 ±J 



TGain-bandwidth product. -25°C/+85°C. 

NOTES: 1 ) ADC87/MIL available in the 2nd quarter of 1982. 2) OPA600VM/MIL available in the 2nd quarter of 1982. 3) OPA105/MIL' available in the 3rd quarter 
of 1982. 4) Qty. disc, available. 
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ADC87/MIL SERIES 


MODEL NUMBERS: 
ADC87/MIL ADC87U/883B 
ADC87/883B ADC87U 
ADC87 

REVISION NONE 
JANUARY, 1982 


12-BIT -55°C to +125°C Military 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• HI-REL MANUFACTURE 

• ACCURATE 

±1/2LSB max Linearity Error 

±0.1% FSR max Full Scale Absolute Accuracy 

±15ppm max Gain Drift 

• 8 M sec MAX CONVERSION TIME 

DESCRIPTION 

The ADC87/MIL Series is a high performance, 
analog-to-digital converter. It features ±1/2LSB 
linearity, ±0.1% full scale accuracy, ±15ppm drift, 
8jusec conversion time, -55°C to +125°C operation 
and optional M1L-STD-883 screening. 

The ADC87 uses successive approximation. It 
resolves the most significant bit first, then the second 
bit, then the third, etc. Successive approximation is 
the most popular high performance design as it is fast 
and accurate. 

The ADC87 is a hybrid microcircuit. It is complete 
with an internal reference, an input buffer amplifier 
and an internal clock. The converter may be short 
cycled to provide faster conversions to less resolution. 
Five analog input ranges, ±2.5V, ±5V, ±10V, 0 to 
+ 10V and 0 to +20V, are available, and the digital 
output data is available in parallel and serial format. 
All digital outputs and inputs are TTL compatible. 
Standard power supply Voltages, ±15VDC and 
+5VDC, are required. 

Two electrical performance grades are available. The 
premium grade operates from -55°C to + 1 25°C and is 
designed for military, aerospace, and demanding 
industrial applications. The U grade has specifica- 
tions from -25°C to +85°C and from -55°C to ± 1 25°C. 
Applications include test equipment, shipboard, and 


>-55°C TO +125°C OPERATION 

► COMPLETE 

Internal Reference 
Internal Buffer 
Internal Clock 

► MIL-STD-883 SCREENING 


ground support equipment where operation is 
normally between -25°C and +85°C and full temp- 
erature range operation must be assured. 

The ADC87/MIL Series is manufactured on a 
separate Hi-Rel manufacturing line with impeccable 
clean room conditions which assures inherent quality 
and provides for long product life. The ADC87 is 
hermetically sealed in a metal, welded, dual-in-line 
package. 

Three product assurance levels are available: Stan- 
dard, / 883 B and /MIL. The Standard product 
assurance level offers Hi-Rel manufacturing where 
many MIL-STD-883 screens are performed rou- 
tinely. The / 883B product assurance level, / 883B 
suffix, offers Hi-Rel manufacturing plus 100% screen- 
ing per MIL-STD-883 method 5008 (class B). The 
/MIL product assurance level, / MIL suffix, offers 
Hi-Rel manufacturing, 100% screening per MIL- 
STD-883 B method 5008 and 10% PDA. Quality 
assurance further processes / MIL devices, by per- 
forming group A and B inspections on each inspec- 
tion lot and group C and D inspections periodically 
and when specified on the customer’s purchase order. 
A report containing the most recent group A, B, C, 
and D tests is available for a nominal charge. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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ADC87/MIL SERIES 


DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
ANALOG-TO-DIGITAL CONVERTER 
HYBRID, SILICON 

1. SCOPE 

1 . 1 Sco pe. This specification covers the detailed requirements for a precision 1 2-bit, integrated circuit, analog-to-digital 
converter. 

1.2 Part number. The complete part number is as shown below. 

ADC87 /MIL 

Basic model Grade Hi-Rel product 

number (see 1.2.1) designator 

(see 1.2.2) 

1.2.1 Device t ype. The device is a single, 12-bit, analog-to-digital converter. 

There are two electrical performance grades. The premium grade has no grade designation in the part number and 
features specifications and tests from -55°C to +125°C. The U grade has a U grade designation in the part number and 
features specifications and tests from -25°C to +85°C, and specifications from -55°C to + 125°C. 

Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the hybrid class (class B) product assurance level, as defined in 
MIL-M-385 10. The Hi-Rel product designator portion of the part number distinquishes the product assurance levels as 
follows: 

Hi-Rel Product 

Designator Requirements 

/MIL Standard model, plus 100% MIL-STD-883 hybrid class screening with 

10% PDA, plus quality conformance inspection (QCI) consisting of 
Groups A and B performed on each inspection lot, plus Groups C and D 
performed initially and periodically thereafter. 

/ 883B Standard model, plus 100% MIL-STD-883 hybrid class screening. 

(none) Standard model including 100% electrical testing. 

1.2.3 Case outline. The case outline is as defined in Figure 1 . The case is metal and is conductive. 

1.2.4 Absolute maximum ratin gs. 

Supply voltage, Vcc ±18VDC 

Supply voltage, Vdd +7VDC 

Analog inputs (pins 24 and 25) ±25VDC 

Buffer input ±18VDO 

Digital inputs +5.5VDC' 

Storage temperature range -65°C to +150°C 

Lead temperature (soldering, 60sec) + 300°C 

Junction temperature T;=175°C 

1.2.5 Recommended operatin g conditions. 

Supply voltage range Vcc: ±14.5VDC to ±15.5VDC 

Vdd: +4.75VDC to +5.25VDC 
Ambient temperature range -55°C to + 125°C 

1.2.6 Power and thermal characteristics. 

Maximum allowable Maximum Maximum Maximum 
Package Case outline power dissipation 0J-C 6 C-A 6 J-A 

32-lead can Figure 1 !500mW at T A = 125°C 7°C/W : 25°C/W 32°C/W 
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ADC87/MIL SERIES 


2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the extent specified herein. 

SPECIFICATION 

MILITARY 

MIL-M-38510 - Microcircuits, General Specification for. 

STANDARD 

MILITARY 

MIL-STD-883 - Test Methods and Procedures for Microcircuits. 

3. REQUIREMENTS 

3. 1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 

3. 1 .2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the United States of 
America. 

3.2 Desi g n, construction, and ph ysical dimensions. 

3.2. 1 Packa g e, metals, and other materials. The package is in accordance with paragraph 3.5.1 of M IL-M-385 10, except 
that organic and polymeric materials may be used for substrate and die attach. The exterior metal surfaces are corrosion 
resistant. The other materials are nonnutrient to fungus as specified in MIL-M-38510. 

3.2.2 Desi g n documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-STD-385 10. 

3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. 

3.2.5 Glassivation. All dice utilized are glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.7 Ph ysical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.8 Circuit dia g ram and terminal connection. The circuit diagram and terminal connections are shown in Figure 2. 
3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of -55°C to +125°C unless otherwise specified. 

3.3.1 In put Ran ge. The analog input range is as specified in Table V when externally connected as shown therein. 

3.3.2 Output Code. Coding is complementary binary. The digital output codes corresponding to analog input voltages 
are shown in Table VI. 


NOTE: 

Leads in true position within 0.010" 
(0.25mm) R at MMC at seating plane. 


E 


X 


2 


junmiimtiii 






Pin numbers shown for reference only. 
Numbers may not be marked on package. 

Weight: 25 grams max. 



FIGURE 1. Case Outline (Triple-Wide DIP Configuration). 
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ADC87/ MIL SERIES 



FIGURE 2. Circuit Diagram and Terminal Connections (Bottom View). 


3.3.3 Transfer Function. An A/ D converter represents an analog input voltage in a digital output format. The converter 
resolves the analog input into 12 bits of resolution, or 2 12 , or 4096 voltage segments. For each voltage segment there is a 
unique digital output code. 

The ideal transfer curve, as shown in Figure 3, is a “stair-case”connecting the extremes of the analog input range. Minus 
full scale (-FS) corresponds to digital 1 111 1111 111 1, the first transition occurs at -FS + 1/2LSB, each bit is ILSBwide, 
and +FS -1 LSB corresponds to digital 0000 0000 0000. An ideal straight line connects each end point and the center of 
each bit. Note, the coding is complementary. 
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The ‘basic’ converter is unipolar in design; that is, OVDC analog input produces one digital extreme and plus full scale 
VDC produces the other digital extreme. There are two unipolar input ranges. For bipolar operation, a bias (bipolar 
offset) is introduced into the input such that OVDC analog input produces midscale digital output. This allows plus and 
minus analog inputs (see Figure 3). There are three bipolar input ranges. 

The errors from the ideal transfer function are specified in Table I. Linearity and Differential Linearity are the most 
meaningful ADC87 accuracy indicators, as they are not externally adjustable. They are factory laser-trimmed. Zero error 
and gain error are laser-trimmed and may be externally nulled if necessary for the application. The inherent quantization 
uncertainty due to resolving or quantizing the analog input into bits is ±1 /2LSB. 

3.3.4 Timin g Considerations. The timing diagram is shown in Figure 4. A start convert, positive going pulse, initiates a 
conversion. The most significant bit (MSB) is determined during the second clock pulse, and each successive bit is 
determined during the next 1 1 clock pulses. When conversion is complete. Status output drops to Logic 0. Digital output 
data is available in parallel or serial format. Serial output data may be strobed out bit-by-bit, during the clock period 
after the bit is determined. If desired, an external clock may be used. Further information is available in Applications 
Information, paragraph 7. 


START 

CONVERT 

INTERNAL 

CLOCK 

STATUS 

BIT 1 (MSB) 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT 7 
BIT 8 
BIT 9 
BIT 10 
BIT 11 

BIT 12 (LSB) 

SERIAL 

DATA 

OUTPUT 


1" 

ru 

mnuuunrui nmc 

CONVERSION TIME 

— j n 

nnnnnnnnnnnn n r 



1 r 

~~~T x 



i ...j^ : 

L 

F : 

r 

__.J 

Lz 

::: j 

Lz_ ..... ..... 

r 

i i 

i i 

i ' 

1 h - " 


___j 

1 h" 



L J"'~ 

r 

__ j 

Lz 


:::j i f ; 

:::u : i f 

:::j i zr 

~~~M7 r a' ! ~3 ~ l 4 | s 1 6 T 7 i a I 9 I .o ! ., i L i m 

•■i)“ "i” ••l" “ft” “ft" “1" “i” "i” “ir “i” "i” “fr 


OPTIONAL 

EXTERNAL 

CLOCK 

100/zsecto 200n8ec 




1 r 

LJ 


1 . Start Convert must be at least 50nsec wide and must remain low during conversion. Conversion is initiated by the Start Convert trailing edge. Once a conversion has begun, a second 
start pulse will not reset the converter. 

2. Parallel data will be valid 140nsec after status goes low and remains valid until another conversion is initiated. 

3. Serial data will be valid 140nsec after an internal clock rising edge and 200nsec after an external clock falling edge. 

4. When using an external clock, conversion is initiated by the falling edge of the first clock pulse following status going low. The converter will continuously convert. 


FIGURE 4. Timing Diagram. 
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3.3.5 Zero error and g ain error ad j ustment. Zero error and gain error may be externally nulled using the circuits shown in 
Figure 6. See Applications Information, paragraph 7.4. 

3.3.6 Re q uired external connections. For specified accuracy and speed, connect Clock Rate, pin 17, toOVDC, pin 15. 

Fora 12-bit conversion cycle, connect Short Cycle, pin 14, to Logic 1, pin 16. See Applications Information, paragraph 7, 
for additional information. 

3.4 Electrical test requirements. Electrical test requirements are as specified in Table II. The subgroups of Table III and 
limits of Table IV, which constitute the minimum electrical test requirements for screening, qualification, and quality 
conformance, are specified in Table II. 

3.5 Markin g. Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Index point 

b. Part number (see paragraph 1.2) 

c. Inspection lot identification code 1/ 

d. Manufacturer’s identification ( Ibbi ’ ) 

e. Manufacturer’s designating symbol (CEBS) 

f. Country of origin (U.S.A.) 

3.6 Workmanshi p. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown’s product assurance program. 

3.6.1 Rework provisions. Rework provisions, including rebonding for the / MIL Hi-Rel product designation, are in 
accordance with MIL-M-38510. 

3.7 Traceabilit y. Traceability, for / MIL, is in accordance with MIL-M-38510, Each microcircuit is traceable to the 
production lot and to the component vendor’s component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process chan ge. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality, reliability or 
interchangeability of the microcircuit without full or partial requalification. 

3.9 Screenin g. Screening, for / MIL and /883B Hi-Rel product designations, is in accordance with MIL-STD-883, 

, method 5008, hybrid class, except as modified in paragraph 4.3 herein. 

Screening for the standard model, includes Burr-Brown QC41 18 internal visual inspection and stabilization bake, fine 
leak, gross leak, burn-in (72 hours performed preseal), constant acceleration (condition A)< and external visual 
inspection per MIL-STD-883, method 5008, hybrid class. 

For the / MIL Hi-Rel product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Q ualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Q uality conformance inspection. Quality conformance inspection, for the /MIL H i-Rel product designation, is in 
accordance with MIL-M-38510, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 


\J A 4-digit date code, indicating year and week of seal, is marked on 883B and (none) Hi-Rel product designations. 
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TABLE I. Electrical Performance Characteristics. 

(Ta = -55° C to +125°C, Supply Voltages ±15VDC and +5VDC, unless otherwise specified.) 


CHARACTERISTICS 

CONDITIONS 

I LIMITS 

UNITS 

ADC87/MIL* 

ADC87/883B 

ADC87 

ADC87U/883B 

ADC87U 

MIN 

TYP 

MAX 


TYP 

MAX 

RESOLUTION 


12 






Bits 

| ANALOG INPUTS | 

Input Voltage Ranges: Unipolar 


0 to +5,0 to +10 




V 

Bipolar 



±2.5, ±5, ±10 





V 

Direct Input Impedance: 0 to +5V, ±2.5V 



2.5 




. 

kn 

Oto+IOV, ±5V 



5 





kn 

±10V 



10 





kn 

Buffer Amplifier: Gain Accuracy 



±0.01 





% 

Input Impedance 

Ta = +25°C 


50 





Mn 

Input Bias Current 

Ta = +25°C 


100 





nA 

Offset Voltage 

Ta = +25° C 


2 

5 




mV 

Settling Time 

20V step to ±0.01% FSR 


2 





Msec 

I DIGITAL INPUTS | 

Start Convert Command: y 









Positive Pulse Width 


50 






nsec 

Logic Loading 




1 




TTL Load 2/ 

Short Cycle Logic Loading 




1 




TTL Load 

Logic Levels: Logic "1” 


2 






V 

Logic “0” 




0.8 




V 

(All Digital Inputsi 









| DIGITAL OUTPUTS | 

Parallel Data Coding: 3/ 









Unipolar Ranges 



CSB 






Bipolar Ranges 



COB, CTC 






Output Drive 


2 






TTL Loads 

Serial Data Coding (NRZi 3/ 



CSB, COB 






Output Drive 


2 






TTL Loads 

Status Bit Coding 



Logic 1 During Conversion 



Output Drive 


2 






TTL Loads 

Internal Clock Output Drive 


2 



* 



TTL Loads 

Logic Levels: Logic “1” 


2.4 

' 





V 

Logic "0” 




0.4 




V 

(All Outputs) 









| TRANSFER CHARACTERISTICS** II 

Zero Error, Bipolar 4/ 

+25° C 


±0.02 

±0.05 


±0.02 

±0.07 

% FSR 5/ 

(Bipolar Major Transition Error) 

-25° C to +85° C 





±0.05 

±0.15 

% FSR 


-55°C to +125°C 


±0.05 

±0.1 



±0.3 

% FSR 

Full Scale Absolute Accuracy Error, 4/ 

+25° C 


±0.05 

±0.1 


±0.05 

±0.15 

% FSR 

Bipolar 6/ 

-25° C to +85° C 





±0.1 

±0.25 

% FSR 


-55°C to +125°C 


±0.1 

±0.2 



±0.6 

% FSR 

Gain Error 4/ 

+25° C 


±0.05 

±0.1 


±0.05 

±0.1 

% 


Drift 7/ 


±10 

±15 


±10 

±15 

ppm/°C 

Zero Error, Unipolar 4/ 

+25° C 

+0.05 

+0.10 

+0.15 

+0.05 

+0.10 

+0.2 

% FSR 


-25° C to +85° C 





±0.15 

±0.3 

% FSR 


-55° C to +125°C 


±0.15 

±0.2 



±0.6 

% FSR 

Full Scale Absolute Accuracy Error, 4/ 

+25°C 


±0.1 

±0.2 


±0.1 

±0.25 

% FSR 

Unipolar 

-25° C to +85° C 





±0.2 

±0.4 

% FSR 


-55°C to +125°C 


±0.2 

±0.3 



±0.9 

% FSR 

Linearity Error 

+25°C 


±1/4 

±1/2 




LSB 8/ 


-25° C to +85° C 





±1/2 

±1 

LSB 


-55° C to +125°C 


±1/2 

±1 



±4 

LSB 


Drift 



±2 




ppm of FSR/°C 

Inherent Quantization Uncertainty 



±1/2 





LSB 

Differential Linearity Error 

+25.° C 


±1/4 

±1/2 




LSB 


-25°C to +85° C 






±1 

LSB 


-55° C to +125°C 



±1 



±3 

LSB 


Drift 


±2 



* 


ppm of FSR/°C 

No Missing Codes 


-55 


+125 

-25 


+85 

°C 

Monotonicity 


-55 


+125 

-25 


+85 

°C 

Zero Adjustment Range 


0.3 

0.4 





% FSR 

Gain Adjustment Range 


0.5 

0.55 





% FSR 

I DYNAMIC CHARACTERISTICS** 1 

Conversion Time 9/ 



7.5 

8 




m sec 

Internal Clock Frequency^/ 


1.5 

1.6 





MHz 


‘ADC87/MIL are available second quarter 1982. 
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TABLE I. Electrical Performance Characteristics (cont). 

Ta = -55°C to + 125°C. Supply Voltages t15VDC and ^5VDC, unless otherwise specified 




LIMITS 





ADC87/MIL 









ADC87/883B 



ADC87U/883B 





ADC87 



ADC87U 



CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

| REFERENCE | 

Internal Reference: Voltage 


6.0 

+6.3 

6.6 


* 


V 

Drift 

-55°C to +125°C 



±5 




ppm/°C 

External Current 




200 




mA 

I POWER SUPPLY I 

Power Supply Range: ±15V Supply 


±14.5 

±15 

±15.5 

* 


* 

V 

+5V Supply 


+4.75 

+5 

+5.25 




V 

Quiescent Current: +15V 



35 

45 




mA 

-15 V 



35 

45 




mA 

+5V 



40 

50 




mA 

Power Consumption 

Quiescent 


1300 

1500 




mW 

Power Supply Rejection: +15VDC 



±0.002 





% FSR/%Vcc 

-15VDC 



±0.002 





% FSR/%Vcc 

+5VDC 



±0.001 





% FSR/%Vcc 

I THERMAL CHARACTERISTICS I 

Operating Temperature Range 

Ambient 

-55 


+125 

-55 


+125 

°C 

Storage Temperature Range 

Ambient 

-65 


+150 

-65 


+150 

°C 

Thermal Impedance: Case to Ambient, 6c a 



20 



* 


°C/W 

Junction to Case, 0jc 



5 





■■Ban 


‘Specifications the same as ADC87/MIL. 

“Transfer and dynamic characteristics are specified without the optional buffer amplifiers. 

NOTES: 

J/ Trailing edge (logic 1 to logic 0) initiates conversion. 

2/ A TTL Load is defined as 40/uA max at Vin = 2.4VDC (logic 1 ), and -1.6mA max at Vin = 0.4VDC (logic 0). 

_3/ CSB = Complementary Straight Binary; COB = Complementary Offset Binary; CTC = Complementary Two’s Complement. Serial and parallel output data 
is in Nonreturn to Zero (NRZ) format. See Output Coding and Timing Diagram. 

A] Externally adjustable to zero. This specification is without external adjustment. 

5/ FSR = Full Scale Range. The ±10V analog input range is a 20 V FSR. The ±5V or 0 to 10V input range is a 10V FSR. 

JB/ Applies to 4-Full Scale and to -Full Scale. 

JJ Gain drift is defined as the absolute value of the change from +25°C to the hot temperature, plus the absolute value of the change from +25°C to the cold 
temperature, and that quantity divided by the temperature span. This is a 3-point drift. The hot temperature change is usually greater than the cold 
temperature change. 

8/ ±1LSB = ±0.024% FSR. 

_9/ Conversion time is defined as the width of the status pulse. It is specified using the internal clock, with Clock Rate, pin 1 7, connected to 0VDC and Short 
Cycle, pin 14, connected to logic 1. 


TABLE II. Electrical Test Requirements. 

(The individual tests within the subgroups appear in Table III > 


" — ' — ^^^MODELS^ 

ADC87/MIL 

ADC87/883B 

ADC87 

ADC87U/883B 

ADC87U 

MIL-STD-883 TEST REQUIREMENTS (HYBRID CLASS) 

Subgroups (see Table III i j 

Interim electrical parameters ( preburn-in > (method 5008) 

1 

1 

1 

Final electrical test parameters (method 5008) 

1‘, 2, 3, 4, 7 

1,2, 3,4, 7 

1, 2U, 3U, 4, 7 

Group A test requirements ( method 5008) 

1,2, 3, 4, 7 

- 

- 

Group C end point electrical parameters (method 5008) 

Table IV delta 
limits and limits 

.. 

.. 

Additional electrical subgroups performed prior to Group C inspections 

5,6 




‘PDA applies to subgroup 1 (see4.3.di 
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TABLE III. Group A Inspection. 





LIMITS 





ADC87/MIL 







ADC87/883B 

ADC87U/883B 





ADC87 

ADC87U 


SUBGROUP 

PARAMETERS 

CONDITIONS J / 

MIN 

MAX 

MIN 

MAX 

UNITS 

1 

Zero error, bipolar 2J 

±10V range ZJ 


±10 


±14 

mV 

Ta = +25° C 

Full scale error, -FS bipolar 2/ 

±10V range 3/ 


±20 


±30 

mV 


Full scale error, +FS bipolar 2/ 

±10V range ZJ 


±20 


±30 

mV 


Gain error 2/ 

±10V range 


±20 


±20 

mV 


Linearity error 



±1/2 


±1/2 

LSB 


Differential linearity error 4/ 



±1/2 


±1/2 

LSB 


No missing codes 


Pass 


Pass 


Pass/fail 


Internal reference voltage 


+6.0 

+6.6 

+6.0 

+6.6 

V 


Zero error, unipolar 2/ 

0 to +10V range Zj 

+5 

+15 

+5 

+15 

mV 


Full scale error, unipolar 2J 

0 to +10V range Zj 


±20 


±20 

mV 


Gain error, unipolar 2J 

0 to +10V range 


±10 


±10 

mV 

2 

Zero error, bipolar 

±10V range ZJ 


±20 



mV 

Ta = +125°C 

Full scale error, -FS bipolar 2J 

±10V range ZJ 


±40 



mV 


Full scale error, +FS bipolar 2/ 

±10V range ZJ 


±40 



mV 


Gain drift 

Linearity error 

See subgroup 3 


±1 



LSB 


Differential Linearity error 



±1 



LSB 


No missing codes 


Pass 




Pass/fail 

2U 

Zero error, bipolar _2/ 

±10V range Zj 




±30 

mV 

Ta = +85° C 

Full scale error, -FS bipolar 2/ 

±10V range Zj 




±50 

mV 


Full scale error, +FS bipolar 2J 

±10 V range ZJ 




±50 

mV 


Gain drift 

Linearity error 

See subgroup 3U 




±1 

LSB 


Differential linearity error 





±1 

LSB 


No missing codes 




Pass 


Pass/fail 

3 

Zero error, bipolar 2J 

±10V range Zj 


±20 



mV 

Ta = -55° C 

Full scale error, -FS bipolar 2/ 

±10V range Zj 


±40 



mV 


Full scale error, +FS bipolar 2J 

±1 0V range ZJ 


±40 



mV 


Gain drift 

5/ 


±54 



mV 


Linearity error 



±1 



LSB 


Differential linearity error 



±1 



LSB 


No missing codes 


Pass 




Pass/fail 

3U 

Zero error, bipolar _2/ 

±10V range Zj 

! 



±30 

mV 

Ta = -25° C 

Full scale error, -FS bipolar 2J 

±10V range ZJ 




±50 

mV 


Full scale error, +FS bipolar 2/ 

±10V range Zj 

! 



±50 

mV 


Gain drift 

9 




±33 

mV 


Linearity error 





±1 

LSB 


Differential linearity error 





±1 

LSB 


No missing codes 




Pass 


Pass/fail 

4 

Ta = +25°C 

Conversion time 



8 


8 

Msec 

5 

Ta = +125°C 

Conversion time 



8 


8 

Msec 

6 

Ta = -55° C 

Conversion time 



8 


8 

Msec 

7 

Quiescent current 

No load, all bits logic 1 






T A = +25°C 

+Vcc 



45 


45 

mA 


-Vcc 



45 


45 

mA 


Vdd 



50 


50 

mA 


Power consumption 

Quiescent 


1500 


1500 

mW 


Zero adjustment range 

±10V range 

±60 


±60 


mV 


Gain adjustment range 

±10V range 

±100 


±100 


mV 


MSB inverted output 


Pass 


Pass 


Pass/fail 


Serial output 


Pass 


Pass 


Pass/fail 


NOTES: 

_1 j ±Vcc = 15VDC, Vdd = 5VDC, no load, without the optional buffer amplifier, unless otherwise specified. The internal clock is used. Clock Rate, pin 17, is connected 
to OVDC. Short Cycle, pin 14, is connected to logic 1 . 

Without external adjustment. 

For the ±10V range: bipolar +FS is ideally at +9.9951 17VDC; bipolar zero is ideally at 0.000VDC; bipolar -FS is ideally at -10.000VDC. 

For the 0 to +10V range: unipolar +FS is ideally at +9.997559VDC; unipolar zero is ideally at 0.000VDC. Refer to Figure 3 and Table VI. 

Monotonicity is assured by differential linearity <±1LSB. 

The absolute value of the gain change from +25°C to +125°C, is added to the absolute value of the gain change from +25°C to -55°C. This provides a 
3-point drift. 

6/ The absolute value of the gain change from +25°C to +85°C, is added to the absolute value of the gain change from +25°C to -55°C. This provides a 
3-point drift. 
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TABLE IV. Group C, End Point Electrical Parameters. 

(Ta = +25°C, ±Vcc = 15VDC, VDD = +5VDC) 


TEST 

LIMIT 

DELTA 

Zero error, bipolar 

20mV 

lOmV 

+Full scale error, bipolar 

30mV 

lOmV 

-Full scale error, bipolar 

30mV 

lOmV 

Gain error, bipolar 

30mV 

lOmV 

Linearity 

1LSB 

1/2LSB 

Differential linearity 

1LSB 

1/2LSB 


TABLE V. Analog Input Range Selection Connections. 



DIRECT INPUT 

BUFFERED INPUT | 

Input Range 

Input Signal 
to Pin 

Input 

Impedance 

Required External Pin Connections 

Input Signal 
to Pin 

Input 

Impedance 

Required External 

Pin Connections 

±2.5V 

24 

2.5kU 

30 to 26 

29 open 

23 to 22 

22 to 25 

30 

50MI1 

29 to 24 

23 to 22 

22 to 25 

±5V 

24 

5kO 

30 to 26 

29 open 

23 to 22 


30 

50MU 

29 to 24 

23 to 22 


±10V 

25 

10kn 

30 to 26 

29 open 

23 to 22 


30 

50MU 

29 to 25 

23 to 22 


0 to +5V 

24 

2.5kO 

30 to 26 

29 open 

23 to 26 

22 to 25 

30 

50MH 

29 to 24 

23 to 26 

22 to 25 

0 to +10V 

24 

5kH 

30 to 26 

29 open 

23 to 26 


30 

50MU 

29 to 24 

23 to 26 

MB 


TABLE VI. Ideal Analog Input Voltage vs Digital Output Code. 


Input Range 

DIGITAL OUTPUT CODE 

1LSB 

MSB LSB 

1111 1111 1111 

MSB LSB 

0111 1111 1111 

MSB LSB 

0000 0000 0000 

±2.5V 

-2.500V 

0V 

+2. 498779V 

1 .2207mV 

±5V 

-5.000V 

OV 

+4.997559V 

2.441 4mV 

±10V 

-10.000V 

OV 

+9.9951 17V 

4.8828mV 

0 to +5V 

OV 

+2.500V 

+4. 998779V 

1.2207 mV 

0 to +10V 

OV 

+5.000V 

+9. 997559V 

2.441 4mV 


NOTE: 


Analog voltages are the center of the bit range. Transitions occur 1/2LSB before and 1/2LSB 
after the bit center. 
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4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samplin g and inspection. Sampling and inspection procedures are in accordance with MIL-M-38510 and MIL- 
STD-883, method 5008, except as modified herein. 

4.2 Q ualification. Qualification is not required unless specified by contract or purchase order. When so required, 
qualification will be in accordance with the inspection routine of M IL-M-385 10, paragraph 4.4.2. 1 .The inspections to be 
performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4. 1 , 4.4.2, 4.4.3, and 4.4.4). 
Burr-Brown has performed and successfully completed qualification inspection as described above. The qualification 
report is available from Burr-Brown. 

4.3 Screening . Screening, for / MIL and / 883 B Hi-Rel product designations, is in accordance with MIL-STD-883, 
method 5008, hybrid class, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition A, Yi axis only. 

b. Interim and final electrical test parameters are specified in Table 1 1 . The interim electrical parameters test prior to 
burn-in is optional at the discretion of the manufacturer. 

c. Burn-in test (MIL-STD-883, method 1015) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 5 herein 

(3) T a = 125°C minimum 

(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for the MIL Hi-Rel product designation only, is 10 percent and 
includes both parametric and catastrophic failures. It is based on failures from group A, subgroup 1 test after 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn-in screening may be excluded from the PDA. If interim electrical parameter tests prior to burn-in are 
omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup 1 after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 


+15VDC +5VDC 



FIGURE 5. Test Circuit, Burn-in and Operating Life Test. 


4.4 Q uality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5008, are performed on 
each inspection lot. Group D, subgroup 1 , seal test, of MIL-STD-883, method 5008, is performed on each lot of packages 
procured. Groups C and D inspections (except for subgroup 1 , seal test) of M 1 L-STD-883, method 5008, are not required 
unless specified by contract or purchase order. 

Burr-Brown periodicaly performs groups C and D inspections of MIL-STD-883, method 5008. A report of the most 
recent groups C and D inspections is available from Burr-Brown. 
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4.4. 1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in M IL-STD-883, 
method 5008, Table I, and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table II, and as follows: 

a. Particle impact noise detection test is not required. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5008, Table III, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 5 herein 

(3) Ta = 125°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table IV, and as follows: 

a. Particle impact noise detection test is not required. 

4.5 M ethods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5.1 Volta g e and current. All voltage values given are referenced to the external zero reference level of the supply 
voltage. Currents given are conventional current and positive when flowing into the referenced terminal. 

4.6 Inspection of pre paration for deliver y. Inspection of preparation for delivery is in accordance with MIL-M-38510, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packa ging and packin g. Microcircuits are prepared for delivery in accordance with MIL-M-38510. 

6. NOTES 

6-1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1.2). 

b. Requirements for certificate of compliance, if desired. 

6.4 Definitions. 

Full Scale Absolute Accuracy Error. Full scale absolute accuracy error is the difference between the ideal and the actual, 
unadjusted, analog input voltage at the full scale points. It applies to unipolar plus full scale, bipolar minus full scale, and 
bipolar plus full scale. Absolute accuracy includes zero, gain, linearity, and noise errors and, when specified over 
temperature, includes the drifts of these errors. It is measured at the first or last transition, as appropriate. The error is 
expressed in LSBs or % of FSR. 

Bi polar Zero Error. Bipolar zero error is the difference between the ideal and the actual analog input voltage for the 
digital output code 0111 1111 1 1 1 1 . It is measured at the 1 000 0000 0000 to 0 1 1 1 1111 1111 transition which ideally occurs 
at 0VDC -1 /2LSB. 

Bipolar zero error is also known as bipolar major transition error. 

Unipolar Zero Error. Unipolar zero error is the difference between the ideal and the actual analog input voltage for the 
digital output code 11111111 1111 (unipolar). It is measured at the 1111 1111 1 1 1 1 to 1 1 1 1 1111 1110 transition which 
ideally occurs at 0V DC +1/2LSB. 

Gain Error. Gain error is the difference between the ideal and the actual analog input voltage span. It applies to both 
unipolar and bipolar input ranges. It is measured between the first transition and the last transition which is ideally FSR 
-2LSB. 

Gain error in some literature describes what is defined herein to be unipolar full scale error and bipolar plus full scale 
error. 
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Offset Error. This term is not used with the ADC87. Offset error in some literature describes what is defined herein to be 
unipolar zero error and/or bipolar minus full scale error. 

Linearity Error. Linearity error is the difference between the ideal and the actual bit transition when zero error and gain 
error equal zero. 

Differential Linearity Err or. Differential linearity error is the difference between the ideal and the actual bit step width. 
Zero differential linearity error means each bit step width is 1 LS B. A maximum differential linearity error of ± 1 / 2LSB 
means a bit step width may be between 1/2LSB and 3/2LSB. 

Monotonicit y. Monotonicity is the condition where the digital output code remains the same or increases for an 
increasing analog input signal. 

Q uantization Uncertaint y. Quantization uncertainty is the inherent uncertainty of being able to determine the analog 
voltage which produces a digital code. Because the analog input voltage is divided or quantized into a finite number of 
bits, each digital code represents an analog voltage span equal to 1LSB. Quantization uncertainty is ±1/2LSB. Its 
magnitude may be reduced only by using a higher resolution converter. 

6.5 Microcircuit g roup assi g nment. These microcircuits are Technology Group F as defined in MIL-M-38510, Appendix 
E. 

6.6 Electrostatic sensitivit y. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

7. APPLICATIONS INFORMATION 

7. 1 La yout. To produce clean, noise-free, accurate conversions, high frequency layout techniques should be used. Wide, 
low inductance conductor patterns, short and direct external component leads, power supply decoupling, and a ground 
plane are recommended. Long runs should be avoided. Coupling and runs, which might cause input-to-output coupling, 
should be avoided. High impedance points should be given special consideration. The input to the buffer, the comparator 
input (particularly sensitive) and the external adjustment pins are sensitive. Shielding by Analog Common or ± 1 5 V DC 
supply patterns my be helpful. 

7.2 Groundin g. A ground plane under the ADC87 is recommended. 

Analog Common (pin 26) and Digital Common (pin 1 5) must be connected together and to the analog system ground. 
Preferably, connect both commons directly to the ground plane under the ADC87. If these commons must be run 
separately, use wide conductor patterns and connect a 0.01/aF ceramic capacitor between the commons at the unit. The 
case is connected to Digital Common, pin 15. 

7.3 Power Su ppl y Decouplin g. For optimum performance and noise rejection, each power supply should be decoupled 
by connecting a 1 >u F tantalum capacitor and a 0.01/iF ceramic capacitor from each power supply to the ground plane. 
Locate the capacitors close to the converter. 

7.4 O ptional External Zero and Gain Ad j ustments. The ADC87 zero error and gain error are factory laser-trimmed to 
position the staircase transfer function within Table I specifications. Optionally, two adjustments null zero error and 
gain error (see Figure 6). 

Zero adjustment moves the entire staircase left-to-right. For unipolar ranges, -FS, OV DC, is nulled. For bipolar ranges, 
midscale, OVDC, is nulled. (Alternately, bipolar -FS may be nulled.) 

Gain adjustment adjusts the span of the staircase. Adjustment effectively rotates the staircase about -FS. For unipolar 
and bipolar ranges, zero adjustment should be made first, then +FS error is nulled. 

Adjustments should be made after a 10 minute warm-up. Fixed, selected resistors may be substituted for the 
potentiometers after the adjustments have been determined, if desired. If adjustments are not used, pin 22 (zero adjust) 
should only be connected as required for analog input range selection and pin 27 (gain adjust) should be either grounded 
(recommended) or open. 

7.4.1 Zero Ad j ustment Procedure . For the selected unipolar range, apply the analog input voltage at which the 1111 1111 
1 1 1 1 to 1 1 1 1 1111 1110 transition ideally occurs, OVDC +1 /2LSB. While continuously converting, adjust the zero 
potentiometer until the transition “flickers”. 

For the selected bipolar range, apply the analog input voltage at which the 1 000 0000 0000 to 0 1 1 1 1111 1111 transition 
ideally occurs, OVDC -1/2LSB. While continuously converting, adjust the zero potentiometer until the transition 
“flickers”. 

7.4.2 Gain Ad j ustment Procedure. Make zero adjustment first. For all input ranges, apply the analog input voltage at 
which the 0000 0000 0001 to 0000 0000 0000 transition ideally occurs, TFS -3/2LSB. While continuously converting, 
adjust the gain potentiometer until the transition “flickers”. For bipolar ranges, repeat zero and gain adjustments as they 
are interactive. 
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Notes: 

J7 Locate as close as possible to the converter to minimize noise pickup. 

2/ 5% carbon composition or better. 

3/ Use multiturn potentiometers with 100ppm/°C TCR or less to minimize drift with temperature. 

4/ An attentuator network may be substituted for the series resistor for lower impedance and lower noise susceptibility. 


FIGURE 6. Optional External Zero and Gain Adjustment Circuits. 


7.5 Start Convert and Status. To start a conversion, a positive pulse with a minimum pulse width of 50nsec must be 
applied to the Start Convert terminal, pin 2 1 . The trailing edge (falling edge) resets the converter, starts the internal clock 
and initiates a conversion. The start convert input must remain logic 0 during conversion, as the internal clock is stopped 
by logic 1 and the output will be erroneous. Another start convert pulse during a conversion does not reset and restart a 
conversion; it may momentarily stop the internal clock and produce an erroneous output. 

Status output, pin 20, is logic 1 during conversion. When a conversion is complete, Status drops to logic 0 and the 
internal clock is turned off. Refer to the timing diagram. Figure 4. 

7.6 Continuous Conversion. The ADC87 will continuously convert, commencing a new conversion immediately after 
the last conversion, when wired to accept an external clock. See paragraph 7.8 and Timing Considerations, paragraph 
3.3.4. Alternately, the internal clock may be used with a new start convert common every 8.7/usec or slower. 

7.7 Internal Clock and Clock Rate. The ADC87 is specified and tested using the internal clock. The internal clock is 
factory adjusted to 1.6MHz with Clock Rate, pin 17, connected to OVDC (Digital Common). Under these conditions, the 
A DC87 will meet all the conversion speed and accuracy specifications. 

The internal clock frequency may be increased or decreased by applying a positive or negative voltage to Clock Rate, pin 
17 (see Figure 7). The circuits shown in Figure 8 may be used. Increasing the clock frequency decreases the conversion 
time; however, linearity errors increase as shown in Figures 9 and 10. Decreasing the clock frequency is accomplished by 
using a negative voltage or using an external clock (see paragraph 7.8). 



-5 0 +5 +10 +15 

Control Voltage (VOC) 

FIGURE 7. Clock Rate Control Voltage. 
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lj Pin 17 is not connected to OVDC when using clock rate adjustment potentiometer. 

3 J Multiturn potentiometer with 100ppm/°C TCR or less. 

FIGURE 8. Clock Rate Adjustment, Optional. 



FIGURE 9. Linearity vs Conversion Time. 



FIGURE IG. Differential Linearity vs Conversion Time. 



7.8 External Clock. An external clock may be used with the ADC87 for synchronization or special timing applications. 
The external clock frequency must be lower than the internal clock frequency. However, the internal clock frequency 
may be increased; see paragraph 7.7. 

The external clock is connected to the Start Convert terminal, pin 2 1 . The normal, start convert positive pulse signal is 
not required. The external clock must be a negative-going pulse, 1 OOnsec to 200nsec wide, at a frequency lower than the 
internal clock. The falling edge (leading edge) of the external clock starts the internal clock. The internal clock completes 
one cycle, then ceases as the Start Convert terminal, pin 21, is logic 1 at that time. The next external clock falling edge 
turns on the internal clock again, for one cycle. The Clock Output signal, pin 1 9, displays the internal clock synchronized 
to the lower, external clock frequency. A conversion is complete and Status output drops to logic 0 after 1 3 clock pulses. 
The converter will provide continuous conversions as long as the external clock signal is present. A conversion is 
complete when Status output drops to logic 0. Status remains logic 0 for one external clock period. The next conversion 
starts on the next falling edge of the external clock following conversion completion. Conversions cease when Start 
Convert input is logic 1. 

A circuit to generate an external clock signal from a clock with an arbitrary duty cycle is shown in Figure 1 1 . A circuit to 
generate an external clock signal from a convert command is shown in Figure 12. 
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FIGURE 11. Continuous Conversion Using External FIGURE 12. Conversion Initiated by Convert Command 

Clock with Arbitrary Duty Cycle. Using Continuous External Clock. 


7.9 Short Cycle. The ADC87 conversion cycle may be stopped prior to converting all 12 bits. This provides faster 
conversions to less resolution. For conversions to n bits, connect the n + 1 bit output to Short Cycle, pin 14. The 
remaining bits are truncated. 

Figure 1 3 shows a complete cycle and a short cycle to 1 0 bits. For 1 0 bits the internal clock frequency has been increased 
to provide the minimum conversion time. See Clock Rate, paragraph 7.7. 


Resolution (bits) 

12 

10 


15 

16 


16 

2 


8 

5 


FIGURE 13. Short Cycle Connections. 
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MODEL NUMBERS: 

DAC87-CBI-V/MIL DAC87U-CBI-V/B 
DAC87-CBI-V/B DAC87U-CBI-V 
DAC87-CBI-V II 


REVISION B 
OCTOBER, 1981 


12-Bit -55° C to +125°C Military 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• HI-REL MANUFACTURE 

• COMPLETELY SPECIFIED. -55°C to +I25°C 

• ACCURATE 

±1/2LSB mix Linearity, over temperature 
±20ppm/°C max Gain Drift 
±0.2% Total Error, over temperature 
Monotonic, over temperature 


DESCRIPTION 

The DAC87/ MIL Series is a high performance, 12- 
bit, TTL-compatible, -55°C to +125°C digital-to- 
analog converter in a metal, welded, hermetically 
sealed package, and it is manufactured on a separate 
hi-rel production line. It is pin-compatible with 
DAC85 converters and has five user-selected output 
ranges. Each DAC is a complete device with an 
internal output amplifier and an ultra-stable refer- 
ence. 

The DAC87/ MIL Series is designed for high accur- 
acy, wide temperature applications. The total accur- 
acy without external trim adjustments is ±0.1% of 
FSR, decreasing to only ±0.3% of FSR over-55°C to 
+ 125°C. With external offset and gain trim adjust- 
ments at +25°C, the total accuracy is less than ±0.2% 
of FSR over -55°C to + 1 25°C. Gain drift is less than 
20ppm/°C. Linearity error, contributed mostly by 
the internal current switches and resistive ladder, is 
reduced by laser trimming to less than ±1 /2LSBover 
temperature. Differential linearity is less than ± 1 LSB 
over temperature thereby guaranteeing monotonicity 
from -55°C to +125°C. 

_\J Current output models are also available. Contact Burr-Brown. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 81 


• OPTIONAL MIL-STD-883 SCREENING 

• DAC85 PIN-COMPATIBLE 

• COMPLETE • INTERNAL REFERENCE 

AND OUTPUT AMPLIFIER 


There are two electrical performance grades and 
three product assurance levels allowing a wide 
application/ budget choice. The DAC87-CBI-V mod- 
el/grade features excellent performance from -55°C 
to +125°C and finds wide military, aerospace, and 
industrial applications. The DAC87U-CBI-V model/ 
grade features excellent performance from -25°C to 
T85°C, and guarantees specifications from -55°C to 
+ 125°C. Applications include test equipment, ship- 
board, ground support, and shirt-sleeve environments 
where operation is between -25°C and ±85°C but full 
temperature operation must be assured. 

The three product assurance levels available are: 
standard; / B (100% screened per MIL-STD-883 
method 5008, hybrid class, class B);and / MIL (100% 
screened, plus PDA = 10%, plus Groups A and B 
testing on each inspection lot, plus Groups C and D 
performed initially, periodically, and when specified 
on the customer’s purchase order). See paragraph 
1 .2.2 for more details. Each device is manufactured in 
a hi-rel environment with clean room conditions 
which assures “built-in” quality. 

5734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 




PDS-452 
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DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
DIGITAL-TO-ANALOG CONVERTER 
HYBRID, SILICON 


1. SCOPE 

1.1 Scope. This specification covers the detail requirements for a 12-bit, TTL-compatible, integrated circuit, digital-to- 


analog converter. 

1.2 Part Number. The complete part number 

DAC87 — 

T 

is as shown below. 

CBI — 

T 

V 

T 

1 MIL 

T 

Basic model 

Grade 

Input coding 

Voltage 

Hi-Rel product 

number 

(see 1.2.1) 

(Complementary Binary) 

output J J 

designator 
(see 1.2.2) 


1 .2. 1 Device type. The device is a single, 1 2-bit, digital-to-analog converter. The input coding is complementary binary. 
The device may be externally pin-connected for either Complementary Straight Binary (CSB) or Complementary Offset 
Binary (COB) coding (see Tables V and VI). 

There are two electrical performance grades. The premium grade has no grade designation in the part number and 
features specifications and tests from -55°C to +125°C. The U grade has a U grade designation in the part number and 
features specifications arid tests from -25°C to +85°C, and specifications from -55°C to +125°C. 

Electrical specifications are shown in Table I; electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the hybrid class (class B) product assurance level, as defined in 
M IL-M-385 10. The Hi-Rel product designator portion of the part number distinguishes the product assurance levels as 
follows: 

Hi-Rel Product 

Designator Requirements 

/MIL Standard model, plus 100% MIL-STD-883 hybrid class screening, with 
10% PDA, plus quality conformance inspection (QCI) consisting of 
Groups A and B on each inspection lot, plus Groups C and D performed 
initially and periodically thereafter. 

Additional electrical testing is performed on / MIL models. 

/B Standard model, plus 100% MIL-STD-883 hybrid class screening. 

(none) Standard model including 100% electrical testing. 

1.2.3 Case outline. The case outline is as defined in Figure 1 . The case is metal and is conductive. 

1 .2.4 Absolute maximum ratings. 

Supply voltage, V C c ±18VDC 

Supply voltage, Vdd 0VDC to +I8VDC 

Data input voltage -1 VDC to -f7VDC 

Output short circuit duration Unlimited 2 j 

Storage temperature range -65°C to +150°C 

Lead temperature (soldering, 60sec) T300°C 

Junction temperature Tj=175°C 

JJ Current output models are also available. Contact Burr-Brown. 

2/ Short circuit may be to ground only. Rating applies to 1 15°C case temperature or 65°C ambient temperature. 
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1.2.5 Recommended operating conditions. 

Supply voltage range V t t: ±14.5VDC to ± 15.5V DC 

Von: +4.75VDC to+5.25VDC 
Ambient temperature range -55°C to + 125°C 

1.2.6 Power and thermal characteristics. 

Maximum allowable Maximum Maximum 
Package Case outline power dissipation 6 J-C 0 J-A 

24-lead can Figure 1 1350mW at Ta = I25°C T'C; Wjy 37°C W 

2. APPLICABLE DOCUMENTS 


2. 1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 
MILITARY 

MIL-M-38510 - Microcircuits, General Specification for. 

STANDARD 

MILITARY 

MIL-STD-883 - Test Methods and Procedures for Microcircuits. 


3. REQUIREMENTS 

3. 1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1. Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 
3. 1 .2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the United States of 
America. 


3.2 Design, construction, and physical dimensions. 

3.2. 1 Package, metals, and other materials. The package is in accordance with paragraph 3.5. 1 of MIL-M-38510 except 
organic and polymeric materials may be used for substrate and die attach. The exterior metal surfaces are corrosion 
resistant. The other materials are nonnutrient to fungus as specified in MIL-M-38510. 



- Denotes pin 1 


jiinitnnr 

•J U— JL 


NOTE: 

Leads in true position within 0.010” 
(0.25mm R at MMC at seating plane. 



1 T 


Pin numbers shown for reference only. 
Numbers may not be marked on package. 


Weight: 15 grams max. 



INCHES 

MILLIMETERS ] 

DIM 

MIN 

MAX 

MIN 

MAX | 

A 



eeebi 

ma 

B 

.790 


20.07 


C 

.170 

.250 

4.32 

IBIS 

D 

.016 

— 

0.41 

°- 53 1 

G 

.100 BASIC 

2.54 BASIC 1 

H 


s 

3.18 

3.81 

K 



3.81 

7.62 

L ■ 

.600 BASIC 

15.24 BASIC 

R 

.080 

.110 

2.03 

mwm 


FIGURE 1. Case Outline (Double-Wide DIP Configuration). 

_iy Rating applies to normal device operation. For the output short circuit condition, the maximum 0J-C of the output die of 100"C, W must be applied to the output 
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3.2.2 Design documentation. The design documentation is in accordance with MIL-M-385I0. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-38510. 

3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure 2. 

3.2.8 Glassivation. All (dice utilized are glassivated. 

3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table I and apply 
over the full operating ambient temperature range of -55°C to + I25°C, unless otherwise specified. 

3.3. 1 Offset and gain error adjustment. The DAC is capable of being externally adjusted to zero offset error and to zero 
gain error using the circuits in Figure 3. See applications information, paragraph 7.3. 

3.3.2 Inp ut coding. The input coding is complementary binary. The digital input code to yield the corresponding output 
voltage for the output ranges is specified in Table V. 

3.3.3 Output range. The output range is specified in Table VI when externally connected as shown therein. 

3.4 Electrical test requirements. Electrical test requirements are specified in Table II. The subgroups of Table 111 and 
limits of Table IV which constitute the minimum electrical test requirements for screening, qualification, and quality 
conformance, are specified in Table II. 



8.3V 

REFERENCE 

OUTPUT 

GAIN ADJUST 
+V CC 

COMMON \J 

SUMMING 

JUNCTION 

20V RANGE 

10V RANGE 

BIPOLAR OFFSET 

REFERENCE INPUT 

OUTPUT 

V CC 

V DD 


+15VDC +15V0C 



jy ssl00ppm/°c. 

2/ ±20% carbon composition or better. Locate close to the DAC87 
to prevent noise pickup. 

3/ Ceramic. 


y Pin 21 is connected to the case. 

FIGURE 2. Terminal Connections. 


FIGURE 3. Offset and Gain Error Adjustment Circuits. 
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LIMITS 
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CHARACTERISTICS 


RESOLUTION 


DIGITAL INPUTS 


Input voltage 
Logic "1” 


Input Current 
Logic "1” 
Logic “0” 


ACCURACY 


Total error, untrimmed 3/ 
Unipolar 


Total error, trimmed 3/ 4/ 
Unipolar 


Linearity error 


Differential linearity error 5/ 


Monotonicity temperature range 5/ 
Offset error 6/ 

Unipolar 7] 


Offset temperature sensitivity 7] 
Unipolar 


Offset adjustment range 


Gain error 6/ 8/ 
Unipolar_7 / 


Bipolar 7/ 


Gain temperature sensitivity 7J 
Unipolar 


Gain adjustment range 


DYNAMIC CHARACTERISTICS 


Slew rate 
Settling time 


ANALOG OUTPUT 


■ 


IK 

II 


CONDITIONS y 


T A = +25° C 
55°C^Ta^+125°C 
Ta = +25° C 
55°C<Ta^+125°C 

Vin = 2.4 V 
Vin = 0.4V 


Ta = +25° C 
-25° C ^ Ta ^ +85° C 
-55°C^Ta^+125°C 
Ta = +25° C 
-25°C ^ Ta ^ +85° C 
-55°CsST A s$+125°C 

Ta = +25° C 
-25°C < Ta ^ +85° C 
-55°Cs$T A ^+125°C 
Ta = +25° C 
-25°C ^ Ta sS +85° C 
-55°C^Ta^+125°C 
Ta = +25° C 
-25° C Ta +85° C 
-55°CsSTasS+125°C 
Ta = +25° C 
-25° C < Ta ^ +85° C 
-55°C^Ta^+125°C 


Ta = +25° C 
-25°C ^ Ta < +85° C 
-55°C^Ta^+125°C 
Ta = +25° C 
-25° C ^ Ta ^ +85° C 
-55°C^Ta^+125°C 


-25° C to +85° C 
-55° C to +125°C 
-25°C to +85° C 
-55° C to +125°C 


Ta = +25° C 
-25° C < Ta < +85° C 
-55°C^T A ^+125°C 
Ta = +25° C 
-25° C < Ta < +85° C 
-55°C < Ta +125°C 


-25°C to +85° C 
-55° C to +125°C 
-25° C to +85° C 
-55° C to +125°C 


DAC87-CBI-V/MIL 
DAC87-CBI-V/B 
DAC87-CBI-V 


DAC87U-CBI-V/B 

DAC87U-CBI-V 



Output voltage range 9/ 


Output current 1(y 


Output resistance, DC 


Output short circuit current 

T A = +25° C 





* 

±0.25 



±0.25 



±0.15 


* 

±0.15 


±0.25 

±0.50 

±0.50 



±3 


±0.50 

±0.75 



±1.0 



±3 

-25 


+85 


±0.02 

±0.05 

±0.068 


±0.02 

±0.05 

±0.10 


±1 

±3 



±10 



±30 

* 

* 



±0.05 

±0.10 

±0.20 


±0.05 

±0.10 

±0.20 


% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

LSB 

LSB 

LSB 



% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 

% 

of 

FSR 
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DAC87/MIL SERIES TABLE I. Electrical Performance Characteristics (cont). 




LIMITS 




DAC87-CBI-V/MIL 







DAC87-CBI-V/B 

DAC87U-CBI-V/B 




DAC87-CBI-V 


DAC87U-CBI-V 



CHARACTERISTICS 

CONDITIONS 1/ 

MIN 

TYP 


MIN 

TYP 

B 

UNITS 2J 

[internal reference 1 

Internal reference voltage (Vr> 


±6.0 

±6.3 

±6.6 



* 

v 

Internal reference temperature sensitivity 

-25° C to +85° C 





±5 

±10 

ppm of Vr/°C 


-55° C to ±125°C 


±5 

±10 



±30 

ppm of Vr/°C 

Output current from internal reference 

for specified Vr 



200 



* 

mA 

| POWER SUPPLY | 

Power supply range 







B 


+Vcc 





^ B 

.V./ - 

I ; SI 

V 

- Vcc 






B . 

■ 

V 

Vdd 






B 

■ 

V 

Power supply sensitivity 






B 

Mi 


±Vcc 

±Vcc .= 15V ±0.5V 


±0.002 

±0.004 




% of FSR/%Vcc 

Vdd 

Vdd = 5V ±0.25V 


±0.001 

±0.002 

■ 



% of FSR/%Vdd 

Power supply current ( quiescent) 


B 



B 

B 

B B 


±Vcc 

Ta = +25° C 




B 

B | 1| 


mA 


-55°C^Ta^+125°C 

HHffi 



B 


■gBS 

mA 

Vdd 

Ta = +25° C 




B 

B 


mA 

-55°Cs£Ta^+125°C 







mA 

Itemperature RANGE 1 

Operating 


-55 



. 


. 

°C 

Storage 


-65 



* 



°C 


’Specification same as DAC87-CBI-V 

NOTES: 

1/ ±Vcc = 15V, Vdd = 5V, -55°C^Ta<+ 125°C, unless otherwise specified. 

2/FSR = Full Scale Range (Example: The FSR is20Vfor±10V range, 10V 
for±5V range, and 10V for 0 to +10V range. ) LSB = Least Significant Bit. 

3/ T ota| error includes all errors at any fixed power supply voltage within 
the recommended supply voltage range, including the internal 
reference, linearity error, offset error, and gain error. 

4/ Offset and gain externally trimmed to zero error at Ta = +25°C. 

5/ Monotonicity is assured by testing differential linearity to ±1LSB 
maximum. 


6/ Externally adjustable to zero. 

7 / The reference error is included. 

8/ The offset error is specified separately and is not included herein. 
9/ The output voltage range is determined by external conditions (see 
Table VI). 

10/ Limit is assured by testing output resistance where Rload = 2kfl. 


TABLE II. Electrical Test Requirements 


(The individual tests within the subgroups appear in Table III) 


" .MODELS 

MIL-STD-883 test requirements (hybrid class) 


DAC87-CBI-V/B 

DAC87-CBI-V 

DAC87U-CB l-V/B 
DAC87U-CBI-V 

Subgroups (see Table III) j 

Interim electrical parameters (preburn-in) (method 5008) . 

1 

1 

1 

Final electrical test parameters (method 5008) 

1*. 2,3,4 

1,2,3 

1.2U.3U 

Group A test requirements (method 5008) 

1,2, 3, 4 

- 

- 

Group C end point electrical parameters ( method 5008) 

Table IV delta 
limits and limits 



Additional electrical subgroups performed prior to Group C inspections 

2C, 3C, 5, 6 




*PDA applies to subgroup 1 (see 4.3. d) 


3.5 Marking. Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Index point 

b. Part number (see paragraph 1 .2) 

c. Inspection lot identification code \j 

d. Manufacturer’s identification 

e. Manufactuer’s designating symbol (CEBS) 

f. Country of origin (U.S. A.) 

3.6 Workmanship. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and trainings, prepared in fulfillment of Burr-Brown’s product assurance program. 

3.6.1 Rework provisions. Rework provisions, including rebonding, for the / MIL Hi-Rel product designation are in 
accordance with MIL-M-38510. 

1 / A 4-digit date code, indicating year and week of seal, is marked on / B and (none) Hi-Rel product designations. 
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3.7 Traceability. Traceability is in accordance with M1L-M-38510. Each microcircuit is traceable to the production lot 
and to the component vendor’s component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process change. Burr-Brown will not implement any major change to the design, materials, construction, 
configuration, or manufacturing process which may affect the performance, quality, reliability or interchangeability of 
the microcircuit without full or partial requalification. 

3.9 Screening. Screening, for / MIL and / B Hi-Rel product designations, is in accordance with MIL-STD-883, method 
5008, hybrid class, except as modified in paragraph 4.3 herein. 

Screening for the standard model, (none) Hi-Rel product designation, includes Burr-Brown QC4118 internal visual 
inspection and stabilization bake, fine leak, gross leak, burn-in (72 hours performed preseal), constant acceleration 
(condition D), and external visual inspection per MIL-STD-883, method 5008, hybrid class. 

For the / MIL Hi-Rel product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Qualification. Qualification is not required. See paragraph 4.2 herein. 

3. 1 1 Quality conformance inspection. Quality conformance inspection, for the MIL Hi-Rel product designation, is in 
accordance with MIL-M-38510, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 

TABLE III. Group A Inspection. 


SUBGROUP 

PARAMETERS 

TEST 

CIRCUIT 

FIGURE 

CONDITIONS J/ 

LIMITS 

UNITS 

DAC87-CBI-V/MIL 

DAC87-CBI-V/B 

DAC87-CBI-V 

DAC87U-CBI-V/B 

DAC87U-CBI-V 


BCQ9I 


HCQ3H 

1 

Offset error, bipolar 

5 

±10V range i ideal value = -10.000V i 


±10 


±10 

mV 

Ta = +25° C 

Gain error, bipolar 

5 

±10V range < ideal value = +9.9951 17V i 2J 


±20 


±20 

mV 


Linearity error, bipolar 

5 

±10V range 3/ A] 









For + bit errors 


+2.44 


+2.44 

mV 




For - bit errors 


-2.44 


-2.44 

mV 


Differential linearity error, bipolar 

5 

±10V range 4/ 


±3.66 


±3.66 

mV 


Total error, untrimmed, bipolar 

5 



±20 


±20 

mV 


Total error, trimmed, bipolar 

§/ 



- 


- 



Internal reference voltage 

5 


+6.0 

+6.6 

+6.0 

+6.6 

V 


Input voltage 

-- 

Logic “1", all inputs, Vin = 5.0VDC to 









2.0VDC, measure AV 0 


±4 


±4.8 

mV 



- 

Logic ‘‘0”, all inputs, Vin = 0VDC to 









0.8VDC, measure A V 0 


±4 


±4.8 

mV 


Input current 

- 

Logic "1”, each input, Vin = +2.4VDC 


+40 


+40 

mA 



- 

Logic “0”, each input, Vm = +0.4VDC 

-1.6 

0 

-1.6 

0 

mA 


Power supply current 

5 

No load +Vcc 


30 


30 

mA 



5 

No load -Vcc 


30 


30 

mA 



5 

No load Vdd 


25 


25 

mA 




i Vo no load ) - ( V 0 2kll load > * 







Output resistance 

5 

Ro ' 5mA 


0.2 


0.2 

11 


Output short circuit current 

.. 

Rioad = m, Vo = +FS and -FS 

±5 

±40 

±5 

±40 

mA 


Power supply sensitivity 

5 

±10V range, V 0 = +FS, AVcc = +0.5V 









and -0.5V 


±2.6 


±2.6 

mV 




±10V range, V 0 = +FS, AVdd = +0.25V 









and -0.25V 


±2.0 


±2.0 

mV 


Offset adjustment range 

4 

±10V range 

±30 


±30 


mV 


Gain adjustment range 

4 

±10V range 

±40 


±40 


mV 


Offset error, unipolar 

5 

0 to +10V range ( ideal value = 0.00V i 


±5 


±5 

mV 


Gain error, unipolar 

5 

0 to +10V range (ideal 









value = +9. 997559V ) 2/ 


±10 


±10 

mV 


Total error, untrimmed, unipolar 

5 

0 to +10V range 


±10 


±10 

mV 

2 

Offset error, bipolar (Voe> 

5 

±10V range ( ideal value = -10.000V i 


±20 



mV 

Ta =+125°C 

Gain error, bipolar (Ge) 

5 

±10V range (ideal value = +9.9951 17V ) 2/ 


±50 



mV 


Offset temperature sensitivity, 


AVoE VOE125-VOE25 







Bipolar 


±10V range, ^ - 1W>C 





mV/°C 


Gain temperature sensitivity. 


AGe GE125-GE25 







Bipolar 

~ 

±10V range, AT 100 o C 


±0.40 



mV/°C 


Linearity error, bipolar 

5 

±10V range, 3/_4/ 









For + bit errors 


+2.44 



mV 




For - bit errors 


±2.44 



mV 


Differential linearity error, bipolar 

5 

±10V range 4/5/ 


±4.88 





Total error, untrimmed, bipolar 

5 

±10V range 


±60 





* Vo = +full scale 
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TABLE III. Group A Inspection (cont). 


— 




LIMITS 






D AC87-C B 1 - V/M 1 L 







DAC87-CBI-V/B 

DAC87U-CBI-V/B 




CIRCUIT 


DAC87-CBI-V 

DAC87U-CBI-V 


SUBGROUP 

PARAMETERS 

FIGURE 

CONDITIONS J/ 

UQUB 



mQjn 

UNITS 


Total error, trimmed, bipolar 

5 

±10V range JJ 


±40 



mV 


Internal reference voltage 

Internal reference 

5 

AVr VR125 - VR2S 

+6.0 

+6.6 

±63 



V 


temperature sensitivity 


AT 100°C 




mV/°C 

2C 

Power supply current 

5 

No load +Vcc 


30 

■j 

■ 

mA 

Ta = +125°C 


5 

No load -Vcc 


30 

| | 

■ 

mA 



5 

No load Vdd 


25 

| 


mA 

2U 

Offset error, bipolar i Voe > 

5 

±10V range ideal value = -10.000V 




±20 

mV 

Ta = +85° C 

Gain error, bipolar iGe' 

5 

±10V range - ideal 









value = +9.9951 17V 7J 




±40 

mV 


Offset temperature sensitivity, 


A VoE VOE85 - VOE25 







Bipolar 

— 

+10V range, c - 




±0.20 

mV/°C 




AT 60° C 







Gain temperature sensitivity, 

Bipolar 


±10V range. AVge = GeK ' Qe25 




+0.40 

mV/°C 



AT 60°C 







Linearity error, bipolar 

5 

±10V range, 3/4/ 









For + bit errors 




+2.44 

mV 




For - bit errors 




-2.44 

mV 


Differential linearity error, bipolar 

5 

±10V range 4/ 5/ 




±488 

mV 


Total error, untrimmed, bipolar 

5 

±10V range 




±50 

mV 


Total error, trimmed, bipolar 

5 

±10V range TJ 




±30 

mV 


Internal reference voltage 

Internal reference 

5 



+6.0 

+66 

V 

AVr Vr85 - VR25 

AT 60° C 


temperature sensitivity 





±63 

M V/°C 

3 

Offset error, bipolar 

5 

±10V range ideal value = -10.000V 


±20 



mV 

Ta = -55°C 

Gain error, bipolar 

5 

±10V range ideal 









value = +9.9951 17V 2/ 


±50 



mV 


Offset temperature sensitivity, 

Bipolar 


+imfranna AVOE _ VOE25 ■ VoE-55 

±10V range, = — — 

AT 80° C 


±0.20 



mV/°C 


Gain temperature sensitivity, 

Bipolar 


AGe GE25-GE-55 

±10V range, = 


±0.40 



mV/°C 




AT 80° C 







Linearity error, bipolar 

5 

±10V range 3/4/ 









For + bit errors 


+2.44 



mV 




For - bit errors 


-2.44 



mV 


Differential linearity error, bipolar 

5 

±10V range 4/5/ 


+4.88 



mV 


Total error, untrimmed bipolar 

5 

±10V range 


±60 



mV 


Total error, trimmed bipolar 

5 

±10V range TJ 


±40 



mV 


Internal reference voltage 

5 

+6.0 

+6.6 



V 


Internal reference 


AVr VR25 - Vr 55 


±63 



mV/ 0 C 


temperature sensitivity 









AT 80° C 






3C 

Power supply current 

5 

No load +Vcc 


30 

mggm 

HH| 

mA 

Ta = -55° C 


5 

No load -Vcc 


30 

BjHi 


mA 



5 

No load Vdd 


25 


| 

mA 

3U 

Offset error, bipolar 

5 

±10V range (ideal value = -10.000V) 




±20 

mV 

Ta = *25° C 

Gain error, bipolar 

5 

±10V range (ideal 









value = +9.9951 17V 2 j 




+40 

mV 


Offset temperature sensitivity, 

Bipolar 


+im , rannfl AVOE VOE25 - VOE-25 
±10V range, = 




±0.20 

mV/°C 



AT 50° C 







Gain temperature sensitivity, 

1 

AGE GE25 - Ge-25 







Bipolar 

— 

±10V range, = 




+0.40 

mV/°C 




AT 50°C 







Linearity error, bipolar 

5 

±10V range 3/4/ 









For + bit errors 




+2.44 

mV 



j 

For - bit errors 




-2.44 

mV 


Differential linearity error, bipolar 

5 

±10V range 4/5/ 




±4.88 

mV 


Total error, untrimmed bipolar 

5 

±10V range 




±50 

mV 


Total error, trimmed bipolar 

5 

±10V range TJ 




±30 

mV 


Internal reference voltage 

Internal reference 
temperature sensitivity 

5 

AVr Vr2>5 - Vr 25 



+6.0 

+6.6 

±63 

V 

mV/°C 



AT 50° C 
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TABLE III. Group A Inspection (cont). 


OAC87 MIL SERIES 


SUBGROUP 

PARAMETERS 


CONDITIONS ly 

LIMITS 

UNITS 

DAC87-CBI-V/MIL 

DAC87-CBI-V/B 

DAC87-CBI-V 

DAC87U-CBI-V/B 

DAC87U-CBI-V 

IB 




4 

Settling time 

6 

To 11/2LSB, -W 0 = 20V 

■ 

7 




Ta = +25° C 

Slew rate 

6 

AVo = 20V, 10% to 90% 

i 





5 

Settling time 

6 

To 11/2LSB. AV 0 = 20V 

mm 

7 



u 

Ta = +125°C 

Slew rate 

6 

AVo = 20V, 10% to 90% 

EP 





6 

Settling time 

6 

To±1/2LSB, AV 0 = 20V 

■ ■ 




mm 

T a = -55° C 

Slew rate 

6 

: 

Vo = 20V, 10% to 90% 

IB 




IB 


NOTES: 

1/ ±Vcc = 15VDC, Vdd = 5VDC, Logic 1 = 4V, Logic 0 = 0.2V, no load, unless otherwise specified. 

2 f Offset error corrected to zero. 

3 ( The individual bit errors that are positive are switched on and compared to 1/2LSB. The individual biterrors that are negative are switched on and compared to 1/2LSB. 
This guarantees ±1/2LSB maximum linearity error. 

A] Offset error and gain error correction factors for the Device Under Test i DUT i, if any, are applied to the DUT output voltage before comparing the DUT output voltage 
. to the ideal output voltage. This is the basis for linearity error and differential linearity error relative to a straight line through the end points of the transfer function. 
5^ Differential linearity error is tested at all combinations of the four most significant bits. 

6/ Total error, trimmed, (bipolar) is the same as linearity error, bipolar. 

7 f Offset and gain errors adjusted to zero at Ta = +25°C. 


TABLE IV. Group C, End Point Electrical Parameters. 
(T a = +25°C, ±V CC = 15VDC, V DD = +5VDC) 


Test 

Limit 

Delta 

Total error, untrimmed, bipolar 

±0.15% of FSR 

±0.12% of FSR 

Linearity error, bipolar 

±1.0LSB 

±0.75LSB 

Differential linearity error, bipolar 

+1.2LSB, -1.0LSB 

±0.6 LSB 

Monotonicity 

Yes 

- 

Offset error, bipolar 

±0.125% of FSR 

±0.10% of FSR 

Gain error, bipolar 

±0.25% of FSR 

±0.25% of FSR 



TABLE V. Ideal Output Voltage vs Digital Input Code. 


Output Range 

Digital Input Code ( Complementary 1 2-Bit Binary ) | 

1111 1111 1111 

0111 1111 1111 

0000 0000 0000 

-2.5V to +2.5V 

-2.500V 

0 

+2. 498779V 

-5V to +5V 

-5.000V 

0 

+4. 997559V 

-10V to+IOV 

-10.000V 

0 

+9.9951 17V 

0 to +5V 

0 

+2. 500V 

+4. 998779V 

0 to+IOV 

0 

+5.000V 

+9.997559V 


NOTES: 

1 . One LSB = 1 ,2207mV for a 5-volt full scale range. One LSB = 2.4414mV for a 10-volt 
full scale range. One LSB = 4.8828mV for a 20-volt full scale range. 

2. Digital input codes are shown with the MSB listed first. 


TABLE VI. Output Range Selection. 


Output Range 

Required External Pin Connections | 

-2.5V to +2.5V 

15 to 18 

17 to 20 

19 to 20 

16 to 24 

-5V to +5V 

15 to 18 

17 to 20 

19 NC 

16 to 24 

-10V to +10V 

15 to 19 

17 to 20 

19 to 15 

16 to 24 

0 to +5V 

15 to 18 

17 to 21 

19 to 20 

16 to 24 

Oto +10V 

15 to 18 

17 to 21 

19 NC 

16 to 24 
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V D0 fV CC 




FIGURE 5. Test Circuit - Simplified. 


FIGURE 6. Slew Rate and Settling Time Test Circuit. 


4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sampling and inspect ion. Sampling and inspection procedures are in accordance with MIL-M-38510 and MIL- 
STD-883, medhod 5008, except as modifed herein. 

4.2 Qualification. Qualification is not required unless specifically required by contract or purchase order. 

When so required, qualification will be in accordance with the inspection routine of MIL-M-38510, paragraph 4.4.2. 1 . 
The inspections to be performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4. 1 , 
4.4.2, 4.4.3, and 4.4.4). 

Burr-Brown has performed and successfully completed qualification inspection as described above. The qualification 
report is available from Burr-Brown. 

4.3 Screening. Screening, for / MIL and /B Hi-Rel product designations, is in accordance with M1L-STD-883, method 
5008, hybrid class, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition B, Yi axis only. 

b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 
optional at the discretion of the manufacturer. 

c. Burn-in test (MIL-STD-883, method 1015) conditions: 

(1) Test condition D 

(2) Test circuit is Figure 7 herein 

(3) T a = T125°C minimum 

(4) Test duration is 160 hours minimum 



FIGURE 7. Test Circuit-Burn-in and Operating Life Test. 

d. Percent defective allowable (PDA). The PDA, for / MIL Hi-Rel product designations only, is 10 percent and 
includes both parametric and catastropic failures. It is based on failures from group A, subgroup 1 test after 
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cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn-in screening may be excluded from the PDA. If interim electrical parameter tests prior to burn-in are 
omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup 1 after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 

4.4 Quality conformance inspection. Groups A and B inspections of M I L-STD-883, method 5008, are performed on each 
inspection lot. Group D, subgroup 1, seal test, of MIL-STD-883, method 5008, is performed on each lot of packages 
procured. Groups C and D inspection (except for subgroup 1, seal test) of MIL-STD-883, method 5008, are not required 
unless specified by contract or purchase order. 

Burr-Brown periodically performs groups C and D inspections of MIL-STD-883, method 5008. A report of the most 
recent groups C and D inspections is available from Burr-Brown. 

4.4.1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table I, and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table II and as follows: 

a. Particle impact noise detection test is not required. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5008, Table III, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

(1) Test condition D 

(2) Test circuit is Figure 7 herein 

(3) T a = -F 1 25°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in M I L-SJD-883, 
method 5008, Table IV and as follows: 

a. Particle impact noise detection test is not required. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5. 1 Voltage and current. All voltage values given, except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 Inspection of preparation for delivery. Inspection of preparation for delivery is in accordance with MIL-M-38510, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packaging and packing. Microcircuits are prepared for delivery in accordance with MIL-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1.2) 

b. Requirement for certificate of compliance, if desired. 

6.4 Definitions. 

Offset error. Offset error is the difference between the ideal analog output voltage and the actual output voltage, when all 
the input bits are off (digital input code 1111 1111 1111). 

Gain error. Gain error is the difference between the ideal analog output voltage span and the actual output voltage span, 
between when all the input bits are off (digital input code 1111 1 1 1 1 1 1 1 1 ) and when all the input bits are on (digital input 
code 0000 0000 0000). 

Linearity error. Linearity error is the difference between the ideal analog output voltage and the actual output voltage, 
when the offset error and the gain error equal zero. 
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Differential linearity. Differential linearity is the difference between the ideal ( 1 LSB) analog output voltage change, for 
1-bit change in digital input code, and the actual output voltage change. A differential linearity of ± 1 LSB means that the 
output can change anywhere from OLSB to 2LSB when the input changes from one adjacent input code to the next. 
Differential linearity of ±1 LSB or less guarantees monotonicity. 

Monotonicity. Monotonicity is the condition where the analog output increases or remains the same for an increase in 
input codes. 

Unipolar output. Unipolar is an output characteristic that displays zero volts output at one input extreme and full scale 
volts output at the other input extreme. 

Bipolar output. Bipolar is an output characteristic that displays full scale output voltage at one input extreme and the 
opposite full scale output voltage at the other input extreme. 

6.5 Microcircuit group assignment. These microcircuits are in Technology Group F as defined in MIL-M-38510, 
Appendix E. 

6.6 Electrostatic sensitivity. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

7. APPLICATIONS INFORMATION 

7. 1 Power Supply Decoupling. For optimum performance and noise rejection, each power supply should be decoupled 
by connecting a 1/uF tantalum capacitor from each power supply pin to the ground plane. 

7.2 Power supply sensitivity. Power supply sensitivity is specified in Table I. Power supply sensitivity versus ripple 
frequency is shown m Figure 8. 



1 10 100 Ik 10k 100k 

POWER SUPPLY RIPPLE FREQUENCY (Hz) 

FIGURE 8. Typical Power Supply Sensitivity vs Power Supply Ripple. 

7.3 External offset and gain error adjustment. The untrimmed accuracy of the DAC87/ MIL Series is very good and is 
adequate for many applications. However, when the initial offset and gain errors are greater than what can be allowed in 
the application, the circuits shown in Figure 4 may be connected and the offset and gain errors may be adjusted to zero. 

7.3. 1 Offset adjustment. Apply the digital input code, 1111 1111 Mil, which should produce zero volts output for the 
unipoiar ranges, or minus full scale for the bipolar ranges. Adjust the offset potentiometer until the output, for the output 
range being used, is exactly as depicted in Table V. 

7.3.2 Gain adjustment. Apply the digital input code, 0000 0000 0000, which should produce positive full scale. Adjust the 
gain potentiometer until the output, for the output range being used, is exactly as depicted in Table V. 
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0PA1 05/MIL SERIES 

J|H MODEL NUMBERS: 

W OPA105VM/MIL OPA1 05WM/MIL 
OPA1 05VM/883B OPA105WM/883B 

OPA105VM OPA105WM 


OPA105UM/883B 

OPA105UM 


REVISION NONE 
FEBRUARY, 1982 


FET Input Military 
OPERATIONAL AMPLIFIER 


FEATURES 

• LOW BIAS CURRENT, IpA, max 

• HIGH INPUT IMPEDANCE, 10^n 

• ULTRA-LOW DRIFT, 2 M V/ 0 C. max 

• LOW OFFSET VOLTAGE 250 M V, max 

• LOW QUIESCENT CURRENT, 1.5mA, max 

• HERMETICALLY SEALED TO-99 PACKAGE 


APPLICATIONS 

• CURRENT TO VOLTAGE CONVERSION 

• LONG TERM PRECISION INTEGRATION 

• PRECISION VOLTAGE AMPLIFICATION FOR 
HIGH INPUT IMPEDANCE APPLICATIONS 


DESCRIPTION 

The OPA105/MIL Series is a low bias current 
operational amplifier. Guaranteed low initial offset 
voltage (250/xV, max) and associated drift versus 
temperature (2/uV/ l, C, max) is achieved by laser- 
adjusting the amplifier during manufacturing. This 
feature, and guaranteed low bias current ( 1 p A, max), 
allow greater system accuracy with no external 
components. 

Quiescent current (1.5mA, max) is unaffected by 
changes in ambient temperature or power supply 
voltage. Other characteristics of the OPA105/MIL 
Series include internal compensation for unity-gain 


stability and rapid thermal response for quick stabili- 
zation after turn-on or temperature changes. 

The amplifier is free from latch-up and is protected 
for continuous output shorts to common. As an 
added protection feature, either of the trim pins can 
be accidentally shorted to a potential greater than the 
negative supply voltage without damage. 

The standard pin configuration (741 type) of the 
OPA105/MIL Series allows the user drop-in re- 
placement capability. A pin 8 case connection permits 
the reduction of noise and leakage by employing 
guarding techniques. 


International Airport Industrial Park - P.0. Box 11400 • Tucson. Arizona 85734 - Tel. (6021746-1111 • Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 
HYBRID, SILICON 

1. SCOPE 

1 . 1 Sco pe. This specification covers the detail requirements for a FET input, low bias current, low drift, integrated circuit 

operational amplifier. ? 

1.2 Part Number. The complete part number is as shown below. 


OPA105 

V 

M 

MIL 


_L . 

T . 

| 

Basic model 

Grade 

Metal 

Hi-Rel product 

number 

(see 1.2.1) 

package 

designator 
(see 1.2.2) 


1.2. 1 Device ty pe. The device is a single operational amplifier. Three electrical performance grades are provided. The W 
grade features ±2fi V/°C drift (-55°C to + 125°C). The V grade features ±5/i\ /°C drift (-55°C to + 125 0 C). The U grade 
features excellent performance (±15/xV/°C) from -25°C to +85°C and guarantees performance from -55°C to +125°C. 
Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the hybrid class (class B) product assurance level, as defined in 
M I L-M -385 1 0. The Hi-Rel product designator portion of the part number distinguishes the product assurance levels as 
follows: 

Hi-Rel product 

designator Requirements 

/MIL Standard model, plus 100% MIL-STD-883 hybrid class screening; .with 10% PDA, 

plus quality conformance inspection (QCI) consisting of Groups A and B on each 
inspection lot, plus Groups C and D performed initially and periodically thereafter. 

Additional electrical testing is performed on MIL models. 

/ 883 B Standard model, plus 100% MIL-STD-883 hybrid class screening. 

(none) Standard model including 100% electrical testing. 

1.2.3 Case outline. The case outline is A-l (8-lead can, TO-99) as defined in MI L-M -385 10, Appendix C.Thecase is metal 
and is conductive. 

1.2.4 Absolute maximum ratin gs. 

Supply voltage range 
I nput voltage range 
Differential input voltage range 
Storage temperature, range 
Output short-circuit duration 
Lead temperature (soldering, 60sec) 

Junction temperature 

1.2.5 Recommended operatin g conditions. 

Supply voltage range ±5VDC to ±20VDC 

Ambient temperature range -55°C to + 125°C 

1.2.6 Power and thermal characteristics. 

Maximum allowable Maximum 
Package Case outline power dissipation 6 J-A 

8-lead can Figure 1 225m W at T A =125°C 220°C/W 

_l_ The absolute maximum input voltage is equal tt) the supply voltage. 

2 Short circuit may be to ground only. Rating apples to + I35"C case temperature or +50°C ambient temperature at ± 1 5V DC supply voltage. 


+20VDC 
±20VDCi 
±40VDC_i 
-65° C to + 150°C 
Unlimited 2 
300° C 
Tj = 1 75°C 
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2. APPLICABLE DOCUMENTS 

2. 1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 
MILITARY 

MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 

MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 


3. REQUIREMENTS 

3. 1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements the order of precedence will be the purchase order, this specification, and then the reference documents. 

3. 1 .2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the United States of 
America. 

3.2 Desi g n, construction, and ph ysical dimensions. 

3.2. 1 Packa g e, metals, and other materials. The package is in accordance with paragraph 3.5.1 of MIL-M-38510. The 
exterior metal surfaces are corrosion resistant. The other materials are nonnutrient to fungus as specified in 
MIL-M-38510. See Figure 1 for the case outline. 




Note: 

Leads in true position within 0.010" 
i0.25mm R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 


DIM 

INCHES 

MILLIMETERS | 

MIN 

MAX 

MIN 

MAX 

A 

.335 

.370 

8.51 

9.40 

B 

.305 

.335 

7.75 

8.51 

C 

.165 

.185 

4.19 

4.70 

D 

.016 

.021 

0.41 

0.53 

E 

.010 

040 

0.25 

1.02 

F 

.010 

.040 

0.25 

1.02 

G 

.200 BASIC 

5.08 BASIC 

H 

.028 

.034 

0.71 

0.86 

J 

.029 

.045 

0.74 

1.14 

K 

.500 


12.7 


L 

.110 

160 

2.79 

4 06 

M 

45° BASIC 

45° BASIC 

N 

.095 | 105 

2.41 | 2.67 


FIGURE 1. Case Outline (TO-99) Package 
Configuration. 



3.2.2 Des ig n documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-38510. 

3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit dia g ram and terminal connections . The circuit diagram and terminal connections are shown in Figure 2. 

3.2.8 Glassivation. All dice are glassivated. 

3.2.9 Schematic Circuit. The schematic circuit is shown in Figure 3. 
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8-LEAD CAN (TOP VIEW) 

FIGURE 2. Circuit Diagram and Terminal Connections. 



FIGURE 3. Simplified Schematic Circuit. 


3.3 Electrical Performance Characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of -55°C to +125°C unless otherwise specified. 

3.3.1 Additional Electrical Performance Characteristics. Electrical performance curves are shown in paragraph 7. 

3.3.2 Offset null. The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 4. If nulling is 
unnecessary for the application, delete the three components and make no connections. 
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+v cc 



FIGURE 4. Offset Null Circuit. 


3.3.3 Frequency compensation. No frequency compensation is required. The amplifier is free of oscillation when 
operated at any gain and when operated in any test condition specified herein. 

3.4 Electrical tests. Electrical tests are shown in Table II. The subgroups of Table III and limits of Table IV, which 
constitute the minimum electrical tests for screening, qualification, and quality conformance, are shown in Table II. 

3.5 Markin g. Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2) 

b. Inspection lot identification codei 

auHH-MOWN p 

d. Manufacturers identification ( |caca| ) 

e. Manufacturer’s designating symbol (CEBS) 

f. Country of origin (U.S.A.) 

3.6 Workmanshi p. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown’s product assurance program. 

3.6.1 Rework p rovisions. Rework provisions, including rebonding for the / MIL Hi-Rel product designation, are in 
accordance with MIL-M-38510. 

3.7 Traceabilit y. Traceability for / MIL Hi-Rel product designation is in accordance with MIL-M-38510. Each 
microcircuit is traceable to the production lot and to the component vendor’s component log. Reworked or repaired 
microcircuits maintain traceability. 

3.8 Product and process chan ge. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality or interchangeability 
of the microcircuit without full or partial requalification. 


a 4-digit date code, indicating year and week of seal, is marked on 883B and (none) Hi-Rel product designations. 
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TABLE I. Electrical Performance Characteristics. 

All characteristics at -55°C < Ta < +125°C, ±Vcc = 15VDC, unless otherwise specified. 


CHARACTERISTIC 


GAIN 


Open-Loop 
Voltage Gain 


RATED OUTPUT 



Rl = 2kH 

Vo = ±10V, F = 0Hz 


Ta = +25° C 
-55°C<Ta<+125°C 


Voltage 

Vo 

Rl = 2kH 

Current 

lo 


Impedance 

Zo 

Ta = +25° C 

Load Capacitance^) 

Cl 

Ta = +25° C 

Short Circuit Current 

los 

To Ground 


DYNAMIC RESPONSE 


Bandwidth 

BW 

Unity Gain-Small Signal Ta = +25°C 

Bandwidth 

BW 

Full Power Ta = +25°C 

Slew Rate 

SR 

Rl = 2kn, Ta = + 25 °C 

Settling Time (0.1%) 

Ts 

Ta = +25° C 

Settling Time (0.01%) 

Ts 

Ta = +25° C 

Overload Recovery(2) 

T r 

Ta = +25°C 



INPUT OFFSET VOLTAGE 


Initial Offset 

Vio 

Ta = +25° C 

Temperature Sensitivity 

DVio 

Vos(Ta) - Vos (+25°C) 



AT 



-55<Ta<+125°C 
-25<Ta< +85° C 

vs Power Supply 

PSRR 

Vcc = ±5, Vcc = ±20VDC 



INPUT BIAS CURRENT 


Initial Bias 
vs Supply Voltage 


INPUT OFFSET CURRENT 


Initial Offset 


INPUT IMPEDANCE 


Differential 

Common-Mode 


INPUT NOISE 


Voltage 

©n 

f o = 10Hz 

Ta = +25° C 



fo = 100Hz 

Ta = +25° C 



fo = 1 kHz 

Ta = +25° C 



fo = 10kHz 

Ta = +25° C 



fB = 0.1Hz to 10Hz 

Ta = +25° C 

Current 

in 

f B = 0.1Hz to 10Hz 

Ta = +25°C 



f B = 1 0Hz to 10kHz 

Ta = +25°C 



fo = 1 kHz 

Ta = +25° C 

| INPUT VOLTAGE RANGE 

Differential 

Vai 


Ta = +25° C 

Common-Mode 



T A = +25° C 

Common-Mode Rejection 

CMRR 

Vin = ±10V 

Ta = +25° C 


POWER SUPPLY 


Rated Voltage 
Voltage Range 
Quiescent Current 


TEMPERATURE RANGE (ambient) 


Operating 

Storage 



* . 

mV 

±25 

AtV/°C 

±15 

mV/°C 

* 

dB 



‘Same as OPA105W Grade. “OPA105WM/MIL and OPA105VM/MIL available 4th quarter 1982. 

NOTES: 

1 . Stability guaranteed with Load Capacitance < 500pF and a lOOfl resistor in series with pin 6 for units manufactured prior to January 1, 1982. 

2. Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive signal. 

3. Bias current is tested and guaranteed at Ta = +25°C. For higher temperature the bias current doubles every +10°C. 
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3.9 Screenin g. Screening, for / MIL and / 883B Hi-Rel product designations, is in accordance with MIL-STD-883, 
method 5008, hybrid class, except as modified in paragraph 4.3 herein. 

Screening for the standard model includes Burr-Brown QC41 18 internal visual inspection and stabilization bake, fine 
leak, gross leak, burn-in (72 hours performed preseal), constant acceleration (condition B), and external visual 
inspection per MIL-STD-883, method 5008, hybrid class. 

For the / MIL Hi-Rel product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Q ualification. Qualification is not required. See paragraph 4.2 herein. 

3.1 1 Q uality conformance inspection. Quality conformance inspection, for / MIL Hi-Rel product designation, is in 
accordance with MIL-M-38510, expect as modified in paragraph 4.4 herein. The mircocircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 


TABLE II. Electrical Test Requirements. 

(The individual tests within the subgroups appear in Table III) 


MIL-STD-883B ^^""-^MODELS 

REQUIREMENTS 

(hybrid class) 

OPA105WM/MIL 

OPA105WM/883B 

OPA105WM 

OPA105VM/MIL 

OPA105VM/883B 

OPA105VM 

OPA105UM/883B 

OPA105UM 


Interim electrical parameters 
(pre burn-in) (method 5008) 

1, 4 

1, 4 

1, 4 

1,4 

1,4 

Final electrical test parameters 
(method 5008) 

1*. 2, 3,4 

1. 2, 3,4 

1*. 2, 3,4 

1, 2, 3, 4 

1, 2U, 3U, 4 

Group A test requirements 
(method 5008) 

1,2, 3, 4 



1, 2, 3,4 

' 



Group C end point electrical 
parameters (method 5008) 

Table IV Limits 
and Delta limits 

— 

Table IV Limits 
and Delta Limits 

— 


Additional electrical subgroups per- 
formed priorto Group C inspections 

4C, 5, 6 

... 

4C, 5, 6 


... 


‘PDA applies to subgroups 1,4 (see 4.3d) 



TABLE III. Group A Inspection. 


SUBGROUP 

SYMBOL 

MIL-STD-883 
METHOD OR 
EQUIVALENT 

CONDITIONS 

±V CC = 15V 

unless otherwise specified 

LIMITS 

UNITS 

OPA105WM/MIL 

OP A1 05WM/883B 
OPA105WM 

OP A1 05VM/MIL 
OPA105VM/883B 
OPA105VM 

OPA105UM/883B 

OPA105UM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


Vio 

4001 



±250 


±250 


250 

mV 


1 IB 

4001 



±1 


±1 


±1 

pA 


Vo 


Ri_ = 2 kn 

±10 


±10 


±10 


V 

1 

Iq 




1.5 


1.5 


1.5 

mA 

Ta = +25° C 

CMRR 

4003 

VCM ±10V 

76 


76 


76 


dB 


PSRR 


Vcc = ±5V, Vcc = ±20V 

74 


74 


74 


dB 

2 

DVio 

4001 

Vos (+125) -Vos (25) 


2 


5 



M V/°C 

Ta = +125 



100 








2U 

DVio 

4001 

Vos (+85) -Vos (25) 






15 

M v/°c 

Ta = +85° C 



60° C 








3 

DVio 

4001 

Vos (25) -Vos (-55) 


2 


5 



mV/°C 

Ta = -55° C 



80 








3U 

DVio 

4001 

Vos (25) -Vos (-25) 






15 

m V/°C 

Ta = -25° C 



50 








4 

Avs 

4004 

f = 0Hz, Rl = 2kO 

106 


106 


106 


dB 

Ta = +25°C 

SR 

4002 

Ri_ = 2kO, Vo = ±10V 

0.9 


0.9 


0.9 


V/^sec 

4C 

T 


50% Input Overdive 


15 


15 



n sec 

. Ta = +25° C 

1 r 










5 

Avs 

4004 

f = 0Hz, Rl = 2kn 

100 


100 




dB 

Ta = +125°C 











6 

Avs 

4004 

f = 0Hz, Rl = 2kfl 

100 


100 




dB 

Ta = -55° C 
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TABLE IV. Group C, End Point Electrical Parameters 
(Ta = +25°C, ±Vcc = 15VDC, V C M = OV) 


TEST 

LIMIT 

DELTA 

Vio 

l|B 

±250 m V 

±1pA 

±125 m V 

±0.8pA 


4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samplin g and inspection. Sampling and inspection procedures are in accordance with MIL-M-38510 and 
MIL-STD-883, method 5008, except as modified herein. 

4.2 Q ualification . Qualification is not required unless specifically required by contract or purchase order. 

When so required, qualification will be in accordance with the inspection routine of MIL-M-38510, paragraph 4.4.2. 1. 
The inspections to be performed are those specified herein for groups A, B, C and D inspections (see paragraphs 4.4.1, 
4.4.2, 4.4.3, and 4.4.4). 

Burr-Brown has performed and successfully completed qualification inspection as described above. The most recent 
report is available from Burr-Brown. 

4.3 Screenin g. Screening, for / MIL and /883B Hi-Rel product designations, is in accordance with MIL-STD-883, 
method 5008, hybrid class, and is conducted on all devices. The following additional criteria apply; 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition B, Yi axis only. 

b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 
optional at the discretion of the manufacturer. 

c. Burn-in test (MIL-STD-883, method 1015) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 5 herein 

(3) T A — +125°C minimum 

(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for / MIL Hi-Rel product designation only, is 10 percent and 
includes both parametric and catastropic failures. It is based on failures from group A, subgroup 1 test after 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn-in screening failures may be excluded from the PDA. If interim electrical parameter tests prior to burn-in 
are omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup 1 after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
6n the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 



FIGURE 5. Test Circuit, Burn-in and Operating 
Life Test. 

4.4 Q uality conformance ins p ection. Groups A and B inspections of M I L-STD-883, method 5008, is performed on each 
lot. Group D, subgroup 1, seal test, of MIL-STD-883, method 5008, is performed on each lot of packages procured. 
Groups C and D inspections (except for subgroup 1, seal test) of MIL-STD-883, method 5008, are not required unless 
specified by contract or purchase order 

Burr-Brown periodically performs groups C and D inspections of MIL-STD-883, method 5008. A report of the most 
recent groups C and D inspections is available from Burr-Brown. 

4.4. 1 Group A inspection . Group A inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5008, Table I, and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 
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4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table II, with the exception that particle impact noise detection test is not required. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table III, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

(1) Test condition D 

(2) Test circuit is Figure 5 herein 

(3) Ta = +125°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table IV, with the exception that particle impact noise detection test is not required. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5. 1 Volta g e and current. All voltage values given, except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 Inspection of pre paration for deliver y. Inspection of preparation for delivery is in accordance with MIL-M-38510, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5. 1 Preservation-packagin g and packing . Microcircuits are prepared for delivery in accordance with MIL-M-38510. 

6. NOTES 

6.1 Notes . The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1.2) 

b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit g roup assignment. These mircocircuits are assigned to Technology Group F as defined in MIL-M- 
38510, Appendix E. 

6.5 Electrostatic sensitivit y. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

7. ELECTRICAL PERFORMANCE CURVES. 


(Typical at Ta = +25° C and ±Vcc = 15VDC unless otherwise specified). 


OPEN-LOOP FREQUENCY 


120 
j 100 

I 80 
! 60 
| 40 
20 
0 



VOLTAGE GAIN 


OUTPUT VOLTAGE vs 


VOLTAGE FOLLOWER 



10 100 Ik lOklOOkIMIOM 
Frequency (Hz) 
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8 . APPLICATION INFORMATION 

8.1 Offset Volta g e Ad j ustment . Although the OPA105/MIL Series has a low intital offset voltage (250/xV), some 
applications may require external nulling of this small offset. Figure 4 shows the recommended circuit for adjustment of 
the offset voltage. External offset voltage adjustment changes the laser adjusted offset voltage temperature drift slightly. 
The drift will change approximately 0.3 aiV/°C for every 100/uV of offset adjustment. 

8.2 Guardin g and Shieldin g. The ultra-low bias current and high input impedance of the OPA105/MIL Series are 
well-suited to a number of stringent applications. However, careless signal wiring of printed circuit board layout can 
degrade circuit performance several orders of magnitude below the capability of the OPA105/ MIL Series. 

As in any situation where high impedances are involved, careful shielding is required to reduce “hum” pickup in input 
leads. If large feedback resistors are used, they should also be shielded along with the external input circuitry. 
Leakage currents across printed circuit boards can easily exceed the amplifier’s bias current of the OPA 105 / M iCSeries. 
To avoid leakage problems, it is recommended that the signal input lead of the OPA 105/ MIL Series be wired to a Teflon 
standoff. If the OPA 105/ MIL Series is to be soldered directly into a printed circuit board, utmost care must be used in 
planning the board layout. A “guard” pattern should completely surround the two amplifier input leads and should be 
connected to a low input impedance point which is at the signal input potential. 

The amplifier case should be connected to any input shield or guard via pin 8 . This insures that the amplifier itself is fully 
surrounded by guard potential, minimizing both leakage and noise pickup. Figure 1 illustrates the use of the guard. The 
resistor R 3 shown in Figure 5 is optional. It may be used to compensate effects of very large source resistances. However, 
note that its use would also increase the noise due to the thermal noise of R3. 

8.3 Thermal Response Time . Thermal response time is an important parameter in low drift operational amplifiers like 
the OPA105/ MIL Series. A low drift specification would be of little value if the amplifier took a long time to stabilize 
after turn-on or ambient temperature change. The TO-99 package and careful circuit design provide the necessary quick 
thermal response. Typical warm-up drift of the OPA 105/ MIL Series is 20 seconds. 


n 1 

INPUT O- — V/r— 

GUARD 1 

_r~L 

"Z 

w, 

_1L> 

joUTPUT 


1 INVERTING AMPLIFIER 

J*2 


INPUT O 

V i 


OUTPUT 

-O 




NONINVERTING AMPLIFIER 



*R 3 may be used to compensate R , R 2 /(R j + R 2 ) Board layout for Input Guarding 

for very large source resistances. must be LO w impedance. with TO-99 Package. 


FIGURE 5. Connection of Input Guard. 
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BURR -BROWN® 


OPA600/MIL SERIES 

MODEL NUMBERS: 

OPA600VM/MIL OPA600UM/883B 
OPA600VM/883B OPA600UM 
OPA600VM 

REVISION NONE 
FEBRUARY, 1982 



Fast Settling - Wideband 
OPERATIONAL AMPLIFIER 


FEATURES 

• FAST SETTLING 

80nsec to ±0.1% 

1 15nsec to ±0.01% 

• FULL DIFFERENTIAL FET INPUT 

• -55°C TO +1 25°C OPERATION 


APPLICATIONS 

• VOLTAGE CONTROLLED OSCILLATOR DRIVER 

• LARGE SIGNAL. WIDEBAND DRIVERS 

• HIGH SPEED DAC OUTPUT AMPLIFIER 

• VIDEO PULSE AMPLIFIER 


• LARGE OUTPUT 

±10V, ±200mA |50n) 

• GAIN-BANDWIDTH PRODUCT - 5GHz 


DESCRIPTION 

The OPA600 is a wideband operational amplifier 
specifically designed for fast settling to ±0.01% 
accuracy. It is stable, easy to use, has good phase 
margin with minimum overshoot, and it has excellent 
DC performance. It utilizes a FET input stage to give 
low input bias current in contrast to the higher 
currents usually associated with very-fast amplifiers. 
Its DC stability with temperature is outstanding. Its 
-3dB bandwidth of 100MHz is available at a closed 
loop gain of 10. The slew rate exceeds 400V//xsec. All 
of this combines to form an outstanding amplifier for 
large and small signals. 

Settling time is the best measure of this amplifier’s 
total dynamic capability. High accuracy with fast 
settling is achieved by the large open-loop gain, 
which provides the accuracy at the upper frequencies. 
The thermally balanced design maintains this ac- 
curacy without droop or thermal tail. External 
compensation allows the user to optimize the settling 
time in his application. 

The OPA600 is built to be reliable and is designed to 
operate from T A = -55°C to +125°C. It is a hybrid 
microcircuit in a welded, hermetic, metal package 


and is available with MIL-STD-883 screening. The 
circuit is built on an alumina substrate which has a 
metallic attach to the package for good thermal 
transfer and reliable high temperature operation. 
The metal package provides electrostatic shielding. 
The circuit uses thin-film resistors and all glassivated, 
high speed silicon die. The gold or aluminum wire- 
bonds utilized produce a monometallic system 
wherever possible, eliminating metal migration, a 
time-temperature reliability problem. The amplifier 
is actively laser-trimmed and is thoroughly tested. 
Reliability is emphasized during each phase of 
manufacture. 

The OP A600 is useful in a broad range of video, high 
speed, and ECM applications. It is particularly well 
suited to operate as a voltage controlled oscillator 
(VCO) driver. It makes an excellent digital-to-analog 
converter output amplifier. It is a workhorse in test 
equipment where fast pulses, large signals, and 500 
drive are important. It is a good choice for sample/ 
holds, integrators, fast waveform generators, and 
multiplexers. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-460 
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DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 
HYBRID, SILICON 


1. SCOPE 

1.1 Scope. This specification covers the detail requirements for a hybrid, fast settling, integrated circuit operational 
amplifier. 

1.2 Part Number . The complete part number is as shown below. 


OPA600 

V 

M 

/MIL 

T 

T 

T 



Basic model 

Grade 

Metal 

Hi-Rel product 

number 

(see 1.2.1) 

package 

designator 
(see 1.2.2) 


1 .2. 1 Device t ype. The device is a single, operational amplifier. Two electrical performance grades are provided, the U 
grade and the V grade. The V grade offers the higher performance. Electrical specifications are shown in Table I. 
Electrical tests are .shown in Tables II and III. 

1.2.2 Device class . The device class is similar to the hybrid class (class B) product assurance level, as defined in 
MIL-M-38510. The Hi-Rel product designator portion of the part number distinguishes the product assurance levels as 
follows: 


Hi-Rel product 

desi g nator Requirements 

/MIL Standard model, plus 100% MIL-STD-883 hybrid class screening, with 10% PDA, 

plus quality conformance inspection (QCI) consisting of Groups A and B on each 
inspection lot, plus Groups C and D performed initially and periodically thereafter. 
Additional electrical testing is, performed on / MIL models. 

/ 883B Standard Model, plus 100% MIL-STD-883 hybrid class screening. 


(none) Standard model including 100% electrical testing. 


1.2.3 Case outline. The case outline (16-lead can) is as defined in Figure 6. The case is metal and is conductive. 

1.2.4 Absolute maximum ratin gs. 


Supply voltage range 
Input voltage range 
Differential input voltage range 
Storage temperature range 
Output short-circuit duration 
Lead temperature (soldering, 60sec) 
Junction temperature 


±17VDC 
±17VDCi 
±25VDCi 
-65° C to +150°C 
A few seconds z 
300° C 
Tj = 175°C 


1.2.5 Recommended operatin g conditions. 

Supply voltage range ±9VDC to ±16VDC 

Ambient temperature range -55°C to + 125°C 

1 .2.6 Power and thermal characteristics. 


Package 

Case outline 

Maximum allowable 
power dissipation 

Maximum 

0 J-C 

Maximum 
0 C-A 

16-lead can 

Figure 4 

2.6W at Tcase = 

+ 125°C 

See Applications 
Information 

35°C/W 

1 / The absolute maximum input voltage is equal to the supply voltage. 

2} Duration is limited by device heat sinking (thermal resistance). Short circuit may be to ground only. 
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2. APPLICABLE DOCUMENTS 
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2. 1 The following documents form a part of this specification to the extent specified herein. 

SPECIFICATION 

MILITARY 

MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 

MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3. 1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail specifications . The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.1.2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the U nited States of 
America. 

3.2 Design, construction, and physical dimensions. 

3.2. 1 Package, metals, and other materials. The package is in accordance with paragraph 3.5. 1 of MIL-M-385 10, except 
that organic and polymeric materials (epoxy) are used for attach of some of the die. The exterior metal surfaces are 
corrosion resistant. The other materials are nonnutrient to fungus as specified in MIL-M-38510. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-38510. 

3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. 

3.2.5 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.6 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit diagram and terminal connections. The circuit diagram and terminal connections are shown in Figure 1 . 

3.2.8 Glassivation. All dice utilized are glassivated. 

OFFSET ERROR NULL (optional) 

i +v cc 



J / Refer to Figure 4 for recommended frequency compensation. 4/ There is no internal connection. An external connection may be made. 

2 / Connect pin 9 to pin 1Z and connect pm 7 to pin 6 for maximum output current. See jj/ It is recommended that the amplifier be mounted with the case in contact with a 
Application information for further information. ground plane for good thermal transfer and optimum AC performance. 

3/ Bypass each power supply lead as close as possible to the amplifier pins. A l^F 
CS13 tantalum capacitor is recommended. 


FIGURE 1. Circuit Diagram and Terminal Connections. 


OPA600/ MIL SERIES 

3.2.9 Schematic Circuit. The schematic circuit is shown in Figure 2. 



FIGURE 2. Simplified Schematic Circuit. 

3.3 Electrical Performance Characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of -55° C to +125°C unless otherwise specified. 

3.3.1 Additional Electrical Performance Characteristics. Electrical performance characteristic curves are shown in 
paragraph 7. 

3.3.2 Offset error null . The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 3. If 
nulling is unnecessary for the application, delete the three components and make no connections. 


^ +V CC 



3.3.3 Frequenc y compensation. The amplifier must be externally frequency compensated. See Figure 4. 

3.4 Electrical tests. Electrical tests are shown in Table II. The subgroups of Table III and limits of Table IV, which 
constitute the minimum electrical tests for screening, qualification, and quality conformance, are shown in Table II. 
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3.5 Markin g. Marking is in accordance with MIL-M-385 10. The following marking is placed on each microcircuit as a 
minimum. 

a. Index point 

b. Part number (see paragraph 1 .2) 

c. Inspection lot identification code—' 

r BUWH->WOWN (g| 

d. Manufacturer’s identification ( |»=^»=* 0 ) 

e. Manufacturer’s designating symbol (CEBS) 

f. Country of origin (USA) 

3.6 Workmanshi p. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown’s product assurance program. 

3.6.1 Rework provisions . Rework provisions, including rebonding, for the / MIL Hi-Rel product designation, are in 
accordance with MIL-M-38510. 

3.7 Traceabilit y. Traceability for /MIL Hi-Rel product designation is in accordance with MIL-M-38510. Each 
microcircuit is traceable to the production lot and to the component vendor’s component lot. Reworked or repaired 
microcircuits maintain traceability. 

3.8 Product and process chan ge. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality, reliability or 
interchangeability of the microcircuit without full or partial requalification. 

3.9 Screenin g. Screening for / MIL and / 883 B Hi-Rel product designations, is in accordance with MIL-STD-883, 
method 5008, hybrid class, except as modified in paragraph 4.3 herein. 

Screenin for the standard model, includes Burr-Brown QC41 18 internal visual inspection, stabilization bake, fine leak, 
gross leak, burn-in (72 hours performed preseal), constant acceleration (condition B), and external visual inspection per 
MIL-STD-883, method 5008, hybrid class. 

For the / MIL Hi-Rel product designation, all microcircuits will. have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Q ualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Q uality conformance inspection. Quality conformance inspection, for / MIL Hi-Rel product designation, is in 
accordance with MIL-M-38510, expect as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 



FIGURE 4. Recommended Amplifier Circuits and Frequency Compensation. 


\J a 4-digit date code, indicating year and week of seal, is marked on /883B and (none) Hi-Rel product designations. 
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TABLE I. Electrical Performance Characteristics 

All characters from -55°C < Ta < +125°C, ±Vcc = 15VDC, unless otherwise noted. 





OPA600VM/MIL** 









OPA600VM/883B 


OPA600UM/883B 





OPA600VM 



OPA600UM 


CHARACTERISTICS 

CONDITIONS 


TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

OUTPUT | 

Voltage (Vo) 

Rl = 2kn 


±10 

±11 


* 


* 


V 


Rl = son j/ 


±9 

±10 


* 


* 


V 

Current (lo) 

Rl = 50n J J 


±180 

±200 


* 




mA 

Current, pulse ( (Iop) 

Rl - 50(1 2 / 


±180 

±200 


* 




mA 

Resistance (Ro) 

Open-loop, DC 


75 

150 



* 


n 

Short Circuit Current (Iss) 

To ground only 
tMAX = 1sec 3/ 


250 

300 





mA 

DYNAMIC RESPONSE | 

Settling Time, ±0.01% 4/ 

£ 

ii 

1 

Ta = 25°C 


115 

125 



125 

150 

nsec 

(Ts) 


Ta = -25°C to +85° C 






135 

165 

nsec 



Ta = -55° C to +125°C 


125 

140 




175 

nsec 

±0.1% 

AVo = 20V 

Ta = +25°C 


105 

130 





nsec 


AVo = 10V 

Ta = +25° C 


80 

105 





nsec 

±1% 

AVo = 20V 

Ta = +25°C 


80 

105 





nsec 


AVo = 5V 

.Ta = +25° C 


55 

75 





nsec 

Post Settling Time 

Stability (Ts+) 5/ 

±0.01% 

t = Vsec to 500msec 


0.5 

1 





mV 

Gain-Bandwidth Product 

u. 

Q. 

O 

II 

S 










(open-loop) (GBP) 

G = 1 V/V j 

Ta = +25° C 


150 






MHz 


Cc = OpF, \ 
G= 10V/VJ 

Ta = +25° C 


500 






MHz 


Cc = OpF, 1 
G= lOOV/Vl 

Ta = +25°C 


1.5 






GHz 


Cc = OpF, 

G = 1000V/V 

\ Ta = +25°C 


5 






GHz 


Cc = OpF, 

l 










G= 10.000V/V 1 Ta = +25°C 


10 






GHz 

Bandwidth (BW) 

G = +1V/V 

Ta = +25°C 

100 

125 






MHz 

-3dB, small signal 6/ 

G = -1 V/V 

Ta = +25°C 

75 

90 






MHz 


G = -1 V/V 

Ta = -55°C to +125°C 

70 

90 

135 





MHz 


G = -10V/V 

Ta = +25° C 

80 

95 






MHz 


G = -10V/V 

Ta = -55° C to +125°C 

70 

95 

135 





MHz 


G = -1 00V/V 

Ta = +25° C 

15 

20 






MHz 


G = -1000 V/V Ta = +25°C 

5 

6 






MHz 

Full Power Bandwidth 

Vo = ±5V, \ 










(BWfp) 

G = -1 V/V I 
Cc = 3.3pF, | 
Rl = 100H | 

T a = +25°C 

13 

16 






MHz 

Slew Rate (SR) 

Vo = ±5V, 

G = 1000 V/V 

Ta = +25° C 

! 

500 






V//isec 


Cc = OpF, 

RL = ioon 

Vo = ±5V, 

G = -1 V/V 

Ta = +25° C 

400 

440 






V/^sec 


Cc =j_3.3ipF, 
Rl = 1000 

T A = -55°C to +125°C 

350 




J 



V/jusec 

Phase Margin 

G = -1 V/V, 
Cc =3.3pF 

Ta = +25°C 


40 





Degrees 

GAIN | 

Open-Loop Voltage Gain 

f = D.C., 










(Aol) 

Rl = 2kn 

T a = +25°C 

86 

94 






dB 



Ta = -55°C to +125°C 

74 







dB 


INPUT 

Offset Voltage (Vio) JJ 


Offset Voltage vs 
Temperature 
(Vio vs T) 


Bias Current (Ib) 


Offset Current (los) 


Ta = +25° C 

Ta = -25° C to HJ5°C 

Ta = -55°C to -H25°C 

Ta = -25° C to +25° C 
Ta +25° C to +85° C 
Ta = -55° C to +25° C 
Ta = +25°C to +1 25°C 

Ta = +25°C 

Ta = +25°Cto+125°C 

Ta = +25° C 

Ta = -55°C to +125°C 
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TABLE I. Electrical Performance Characteristics (cont) 

All characteristics from -55°C < Ta ^ +125°C, ±Vcc = 15VDC, unless otherwise noted. 




OPA600VM/MIL** 

OPA600VM/883B 

OPA600VM 

OPA600UM/883B 

OPA600UM 


CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Power Supply Rejection 

Vcc = ±15V, ±1V Ta = +25°C 


200 

500 


* 


mV/V 

(PSR) 









Common-Mode 









Voltage Range (CMV) 

Ta = +25° C 

-10 


+7 




V 

Common-Mode Rejection 

Vcm = -5V to +5V Ta = +25° C 

60 

80 





dB 

. _ ( CMR ) 

Impedance (Zin) 

Differential Ta = +25°C 


ion || 2 





n II pf 


Common-mode Ta = +25°C 


ion || 2 





n II pf 

Voltage Noise (e n ) 

f= 10kHz Ta = +25°C 


20 





nV/ v Hz 

| POWER SUPPLY | 

Rated 



±15 





VDC 

Operating Range 


±9 


±16 



* 

VDC 

Quiescent Current 



±30 

±38 




mA 

TEMPERATURE RANGE 








(ambient) 








Operating 


-55 




■j 



Storage 


-65 







0jc (junction to case 

See applications information 







HMH 

0ca (case to ambient) 



35 



■ 


■ 


'Specifications the same as V grade. "OPA600VM/MIL available in 2nd quarter 1982. 
NOTES: 


J / Pin 9 connected to +Vcc, pin 7 connected to -Vcc. Observe power dissipation ratings. 

_2/ Pin 9 and pin 7 open. Single pulse t = lOOnsec. Observe power dissipation ratings. 

3/ Pin 9 and pin 7 open. See paragraph 8.8. 

4/ G = -1 V/V, Cc = 3.3pF, Rl = 10011. Optimum settling time may be achieved by individually compensating each device. Refer to paragraph 8.3. 
5/ Post settling time stability is a measure of the pulse droop, or thermal tail, after the output has settled. 

6/ Compensation per paragraph 8.3. 

JJ Adjustable to zero. 



- A 

B 

j 



Denotes Pin 1 

j 

1 1 

1 « 

0 (1 

L J 



NOTES: , 

1 . Leads in true position within 0.010" 
(0.25mm ) R at MMC at seating plane. 
Seating Plane 2 . pj n numbers shown for reference only. 

Numbers may not be marked on package. 


DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

.868 

.872 

24.68 

24.68 

B 

.783 

.787 

20.14 

20.24 

C 

.201 

.211 

6.1 1 

6.36 

D 

.016 

.020 

0.41 

0.61 

Q 

.100 BASIC 

2.64 BASIC 

H 

.130 

.140 

3.30 

3.56 

K 

.230 

.270 

6.84 

6.86 

L 

J0OO BASIC 

16.24 BASIC 

R 

.083 | -102 

2.36 1 2.60 



FIGURE 5. Case Outline. 


TABLE II. Electrical Test Requirements. 

(The individual tests within the subgroups appear in Table III) 


~~ ^^MODELS 


OPA600VM/883B 

OPA600UM/883B 

OPA600VM/MIL 

OPA600VM 

QPA600UM 

MIL-STD-883 TEST REQUIREMENT (hybrid class) 

Subgroups (see Table III) ) 

Interim electrical parameters ( pre burn-in) (method 5008) 

1 

1 

1 

Final electrical test parameters ( method 5008) 

1 *, 2, 3,4,7,9,10,11 

1,2, 3, 4, 7, 9 

1 , 2, 2U, 3, 3U, 4, 7, 9 

Group A test requirements ( method 5008) 

1, 2, 3, 4, 7, 9, 10, 11 

- 

- 

Group C end point electrical parameters ( method 5008) 

Table IV limits and 
delta limits 

-- 

- 

Additional electrical subgroups performed prior to Group C inspections 

None 


” 


'PDA appiies to subgroup 1 ( see 4.3. d ) 
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TABLE III. Group A Inspection. 


SUBGROUP 

SYMBOL 

MIL-STD-883 
METHOD OR 
EQUIVALENT 

CONDITIONS 

±V CC =15V - 

unless otherwise specified 

LIMITS 

UNITS 

OPA600VM/MIL 

OPA600VM/883B 

OPA600VM 

OPA600UM/883B 

OPA600UM 

MIN 

MAX 

MIN 

MAX 

1 

Vio 

4001 

VcM =0 

-2 

±2 

-5 

±5 

mV 

Ta = +25°C 

1 IB 

4001 

VCM =0 

0 

-100 

0 

-100 

pA 


+PSRR 

4003 

+V C C = 15V, ±1V, -Vcc = 15V 

-500 

±500 

-500 

±500 

MV/V 


-PSRR 

4003 

+Vcc = 15V, -Vcc = 15V, ± 1 V 

-500 

±500 

-500 

±500 

m v/v 


CMR 

4003 

VcM = -5 V to +5V 

60 


60 


dB 


IQ 

4005 



38 


38 

mA 

2 

VlO 

4001 


-4 

±4 

-15 

±15V 

mV 

T A = +125°C 

AVio 

4001 

VlO (+25°C) - VlO (±125°C) 

-20 

±20 

-100 

±100 

M v/° c 


AT 


100°C 






2U 

Vio 

4001 

■ 



-10 

±10 

mV 

Ta = +85° C 

AVio 

4001 

Vio (+25°C.) - Vio (+85°C) 



-80 

±80 

M V/°C 


AT 


60° C 






3 

Vio 

4001 


-4 

±4 

-13 

±13 

mV 

Ta = -55° C 

AVio 

4001 

VlO ( +25°C ) - Vio (-55°C) 

-20 

±20 

-100 

±100 

mV/°C 


AT 


80° C 






3U 

Vio 

4001 

Vio i +25°C ' - Vio ' -25°C > 



-9 

±9 

mV 

Ta = -25° C 

AT 


50°C 



-80 

±80 

M v/°c 

4 

Vo 

4004 

Rl = 2kn 

±10 


±10 


V 

Ta = +25° C 

lo 

4004 

Rl = 50H, pin 9 to ±Vcc, pin 7 to -Vcc 

±180 


±180 


mA 


Avs 

4004 

Rl = 2kfl, f = 0Hz, Vo = ±10V 

86 


86 


dB 

7 

Vo 

4004 

R L = 2kn, ±V C C = 16VDC 

±11 


±11 


V 

Ta = +25° C 

Vo 

4004 

Rl = 2kfl, ±Vcc = 12VDC 

±7 


±7 


V 

9 

ts 

4002 

To ±0.01%, Figure 10 


125 


150 

nsec 

Ta = +25°C 



final value at t = 1/usec 







SR 

4002 

G = -1, Vo = ±5V, Figure 10 

400 


400 


V/yusec 




10% to 90% 







Ts± 


t = lyusec to 500msec 









(ts to ±0.01%, A Vo = 1 0V i 


1 



mV 

10 

ts 1/ 

4002 

To ±0.01%, Figure 10 


140 



nsec 

Ta = +125°C 









11 

t s y 

4002 

To ±0.01%, Figure 10 

' 

140 



nsec 

Ta = -55° C 




1 






NOTE: 

_!/ This test required for /MIL suffix only. Sample test per MIL-STD-105 level II, 4.0% AQL, normal inspection. 


TABLE IV. Group C, End Point Electrical Parameters. 


(Ta = +25° c, ±Vcc = 15V DC) 


TEST 

LIMIT 

DELTA 

Input Offset Voltage 

2mV 

ImV 

Open-Loop Voltage Gain 

86dB 

6dB 

Settling Time 

(to 0.01%, AVo = 20V, G = -1 ) 

125nsec 

25nsec 


4. PRODUCT ASSURANCE PROVISIONS 

4.1 Sam pling and inspection . Sampling and inspection procedures are in accordance with MIL-M-38510 and 
MIL-STD-883, method 5008, except as modified herein. 

4.2 Q ualification . Qualification is not required unless specified by contract or purchase order. When so required, 
qualification will be in accordance with the inspection routine of M I L-M-385 10, paragraph 4.4.2. 1 . The inspections to be 
performed are those specified herein for groups A, B, C and D inspections (see paragraphs 4.4. 1 , 4.4.2, 4.4.3, and 4.4.4). 
Burr-Brown has performed and successfully completed qualification inspection as described above. The qualification 
report is available from Burr-Brown. 

4.3 Screening . Screening, for / M I L and / 883 H i-Rel product designations, is in accordance with M I L-STD-883, method 
5008, hybrid class, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition B, Yi axis only. 

b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 
optional at the discretion of the manufacturer. 
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c. Burn-in test (MIL-STD-883. method 101 5^ conditions: 

(1) Test condition B 

(2) Test circuit is Figure 6 herein 

(3) T a = +125°C minimum 

(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for / MIL Hi-Rel product designation only, is 10 percent and 
includes both parametric and catastropic failures. It is based on failures from group A, subgroup 1 test after 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn-in screening failures may be excluded from the PDA. If interim electrical parameter tests prior to burn-in 
are omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup 1 after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 



FIGURE 6. Test Circuit Burn-in and Operating Life Test. 



4.4 Quality conformance inspection . Groups A and B inspections of MlL-STD-883, method 5008, are performed on 
each inspection lot. Group D, subgroup 1 , seal test, of M I L-STD-883, method 5008, is performed on each lot of packages 
procured. Groups C and D inspections (except for subgroup 1 , seal test) of M I L-STD-883, method 5008, are not required 
unless specified by contract or purchase order. 

Burr-Brown periodically performs groups C and D inspections of MIL-STD-883, method 5008. A report of the most 
recent groups C and D inspections is available from Burr-Brown. 

4.4. 1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5008, Table I, and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table II and as follows: 

a. Particle impact noise detection test is not required. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table III, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 6 herein 

(3) Ta = 125°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

c. Additional electrical subgroups are specified in Table II herein. 
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4.4.4 Group D inspection . Group D inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5008, Table IV, and as follows: 
a. Particle impact noise detection test is not required. 

4.5 Methods of examination and test . Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MI L-STD-883. 

4.5. 1 Volta g e and current . All voltage values given, except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 Inspection of pre paration for delivery . Inspection of preparation for delivery is in accordance with MIL-M-38510, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packa ging and packin g. Microcircuits are prepared for delivery in accordance with MIL-M-38510. 

6. NOTES 

6. 1 Notes. The notes specified in MIL-M-385 10 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Orderin g data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1.2) 

b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit g rou p assi g nment . These mircocircuits are assigned to Technology Group F as defined in MIL-M- 
38510, Appendix E. 

6.5 Electrostatic sensitivit y. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

7. ELECTRICAL PERFORMANCE CURVES 

(Typical at Ta = +25°C and ±Vcc = 15VDC, unless otherwise specified). 


BODE PLOT COMPENSATION AND SLEW RATE VS GAIN 
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8. APPLICATIONS INFORMATION 

8.1 Wirin g precautions . The OPA600 is a wideband, high frequency operational amplifier with a gain-bandwidth 
product exceeding 5GHz. This capability can be realized by observing a few wiring precautions and using high frequency 
layout techniques. Of all the wiring precautions, grounding is the most important and is described in detail in the next 
section. 

In general, all printed circuit board conductors should be wide to provide low resistance, low impedance signal paths and 
should be as short as possible. The entire physical circuit should be as small as is practical. Stray capacitances should be 
minimized, especially at high impedance nodes, such as the input terminals of the amplifier and compensation pins. Stray 
signal coupling from the output to the input should be minimized . All circuit element leads should be as short as possible 
and low values of resistance should be used. This will give the best circuit performance as it will minimize the time 
constants formed with the circuit capacitances and will eliminate stray, unwanted tuned circuits. 

8.2 Groundin g. Grounding is the most important applications consideration for the OPA600, as it is with all high 
frequency circuits. Ultra-high frequency transistors are used in the design of the OPA600 and oscillations at 
frequencies of 500M Hz and above can be stimulated if good grounding techniques are not used. A ground plane is highly 
recommended. It should connect all areas of the pattern side of the printed circuit that are not otherwise used. The 
ground plane provides a low resistance, low inductance common return path for all signal and power returns. The ground 
plane also reduces stray signal pickup. It eliminates parasitic circuits from what would otherwise be long, component 
leads. 

Point-to-point wiring is not recommended. However, if point-to-point wiring is used, a single-point ground should be 
used. The input signal return, the load signal return and the power supply common should all be connected at the same 
physical point. This eliminates common current paths or ground loops which can cause unwanted feedback. 

Each power supply lead should be bypassed to ground as near as possible to the amplifier pins. A 1/xF CS13 tantalum 
capacitor is recommended. A parallel 0.0 1/u F ceramic may be added if desired. This is especially important when driving 
high current loads. Properly bypassed and modulation free power supply lines allow full amplifier output and optimum 
settling time performance. 

OPA600 circuit common is connected to pins 1 and 13; these pins should be connected to the ground plane. The input 
signal return, load return, and power supply common should also be connected to the ground plane. 

The case of the OPA600 is internally connected to circuit common, and as indicated above, pins 1 and 13 should be 
connected to the ground plane. Ideally, the case should be mechanically connected to the ground plane for good thermal 
transfer but because this is difficult in practice, the OPA600 should be fully inserted into the printed circuit board with 
the case very close to the ground plane to make the best possible thermal connection. If the case and ground plane are 
physically connected or are in close thermal proximity, the ground plane will provide heat sinking which will reduce the 
case temperature rise. The minimum OPA600 pin length will minimize lead inductance, thereby maximizing 
performance. 

To repeat, proper grounding is the single most important aspect of high frequency circuitry. 

8.3 Com p ensation . The OPA600 uses external frequency compensation so that the user may optimize the bandwidth or 
settling time for his particular application. Several performance curves aid in the selection of the correct compensations 
capacitance value. The Bode plot shows amplitude and phase versus frequency for several values of compensation. A 


OPEN-LOOP GAIN AND QUIESCENT 
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related curve shows the recommended compensation capacitance versus closed-loop gain. 

Figure 4 shows a recommended circuit schematic. Component values and compensation for amplifiers with several 
different closed-loop gains are shown. This circuit will yield the specified settling time. Because each device is unique and 
slightly different, as is each user’s circuit, optimum settling time will be achieved by individually compensating each 
device in its own circuit, if desired. A 10% to 20% improvement in settling time has been experienced from the values 
indicated in Table I. 

The primary compensation capacitors are Ci and C 2 (see Figure 4). They are connected between pins 4 and 5 and between 
pins 11 and 14. Both Ci and C 2 should be the same value. As Figure 4 and the performance curves show, larger 
closed-loop configurations require less capacitance and improved gain-bandwidth product can be realized. Note that no 
compensation capacitor is required for closed-loop gains equal to or above 100V/ V. If upon initial application the user’s 
circuit is unstable, and remains so after checking for proper bypassing, grounding, etc., it may be necessary to increase 
the compensation slightly to eliminate oscillations. Do not over compensate. It should not be necessary to increase Ci 
and C 2 beyond lOpF to 15pF. 

The flat high frequency response of the OPA600 is preserved and high frequency peaking is minimized by connecting a 
small capacitor in parallel with the feedback resistor (see Figure 4). This capacitor compensates for the closed-loop, high 
frequency, transfer function zero that results from the time constant formed by the input capacitance of the amplifier, 
typically 2pF, and the input and feedback resistors. The selected compensation capacitor may be a trimmer, a fixed 
capacitor or a planned PC board capacitance. The capacitance value is strongly dependent on circuit layout and 
closed-loop gain. It will typically be 2pF for a clean layout using low resistances ( 1 kfl) and up to lOpF for circuits using 
larger resistances. Using small resistor values will preserve the phase margin and avoid peaking by keeping the break 
frequency of this zero sufficiently high. When high closed-loop gains are required, a three-resistor attenuator is 
recommended to avoid using a large value resistor with its long time constant. 

For heavy capacitive loads, greater than 50pF, refer to the section on capacitive loads, paragraph 8.6. For particularly 
difficult applications where the wiring layout may not be the best or where there may be lOOOpF loads, parasitics, strays, 
long lead lengths, changing capacitive loads, etc., doublet compensation is recommended. This is discussed in paragraph 
8.12 and is shown in Figure 9. This circuit offers increased stability at the expense of increasing the settling time by 
approximately 50%. Also, this circuit is especially useful for functional testing at low frequency and incoming inspection. 
8-4 Settling time . Settling time is defined as the total time required, from the input signal step, for the output to settle to 
within the specified error band around the final value. This error band is expressed as a percentage of the magnitude of 
the output transition. 

Settling time is a complete dynamic measure of the OPA600’s total performance. It includes the slew rate time, a large 
signal dynamic parameter, and the time to accurately reach the Final value, a small signal parameter that is a function of 
bandwidth and open-loop gain. Performance curves show the OPA600 settling time to ±1%, ±0.1%, and ±0.01%. The 
best settling time is achieved in low closed-loop gain circuits. 

Settling time is dependent upon compensation. Under-compensation will result in small phase margin, overshoot or 
instability. Over-compensation will result in poor settling time. Refer to paragraph 8.3. 

Figure 4 shows the recommended compensation to yield the specified settling tine. Improved or optimum settling time 
may be achieved by individually compensating each device in the user’s circuit since individual devices vary slightly from 
one to another as do user’s circuits. 

8.5 Slew rate. Slew rate is primarily an output, large signal parameter. It has virtually no dependence upon the 
closed-loop gain or the small signal bandwidth. Slew rate is dependent upon compensation and decreasing the 
compensation capacitor value will increase the available slew rate as shown in the performance curve. 

8.6 Ca p acitive loads . The OPA600 will drive large capacitive loads (up to lOOpF) when properly compensated and 
settling times of under 150nsec are achievable. The effect of a capacitive load is to decrease the phase margin of the 
amplifier which may cause high frequency peaking or oscillations. A solution is to increase the compensation 
capacitance, somewhat slowing the amplifier’s ability to respond. The recommended compensation capacitance value as 
a function of load capacitance is shown in Figure 7. (Use two capacitors, each with the value indicated.) Alternately, 
without increasing the OPA600’s compensation capacitance, the capacitive load may be buffered by connecting a small 
resistance, usually 5fl to 50H, in series with the Output, pin 8. 

For very-large capacitive loads, greater than lOOpF, it will be necessary to use doublet compensation. Refer to Figure 9 
and paragraph 8.12. This places the dominant pole at the input stage. Settling time will be approximately 50% slower; 
slew rate should increase. Load capacitance should be minimized for optimum high frequency performance. 

Because of its large output capability, the OPA600 is particularly well suited for driving loads via coaxial cables. Note 
that the capacitance of coaxial cable (29pF/foot of length for RG-58) will not load the amplifier when the coaxial cable 
or transmission line is terminated in its characteristic impedance. 
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FIGURE 7. Capacitive Load Compensation 
and Response. 


8.7 Offset volta g e ad j ustment. The offset voltage of the OPA600 maybe adjusted to zero by connecting a 5kH resistor in 
series with a lOkH linear potentiometer in series with another 5kfl resistor between pins 2 and 15, as shown in Figure 3. It 
is important that one end of each of the two resistors be located very close to pins 2 and 15 to isolate and avoid loading 
these sensitive terminals. The potentiometer should be a small, noninductive type with the wiper connected to the 
positive supply. The leads connecting these components should be short, no longer than 0.5-inch, to avoid stray 
capacitance and stray signal pick-up. If the potentiometer must be located away from the immediate vicinity of the 
OPA600, extreme care must be observed with the sensitive leads. Locate the two 5kO resistors very close to pins 2 and 15. 

Never connect +Vcc directly to pin 2 or 15. Do not attempt to eliminate the 5kO resistors because at extreme rotation, 
the potentiometer will directly connect +Vcc to pin 2 or pin 15 and permanent damage will result. 

Offset voltage adjustment is optional. The potentiometer and two resistors are omitted when the offset voltage is 
considered sufficiently low for the particular application. For each microvolt of offset voltage adjusted, the offset voltage 
temperature sensitivity will change by ±0.00 4/xV/°C. 

8.8 Current boost. External ability to bypass the internal current limiting resistors has been provided in the OPA600. 
This is referred to as current boost. Current boost enables the OPA600 to deliver large currents into heavy loads 
(±200mA at ± 10V). To bypass the resistors and activate the current boost, connect pin 7 to - V C c at pin 6 with a short lead 
to minimize lead inductance and connect pin 9 to +V C c at pin 12 with a short lead. 

CAUTION - Activating current boost by bypassing the internal current limiting resistors can permanently damage the 
OPA600 under fault conditions. See paragraph 8.9. 

Not activating current boost is especially useful for initial breadboarding. The 50fl (±5%) current limiting resistor in the 
collector circuit of each of the output transistors causes the output transistors to saturate; this limits the power 
dissipation in the output stage in case of a fault. Operating with the current boost not activated may also be desirable with 
small-signal outputs (i.e.±l V) or when the load current is small. 


Each resistor is internally capacitively-bypassed (0.0 1 (jl F, ±20%) to allow the amplifier to deliver large pulses of current, 
such as to charge diode junctions or circuit capacitances and still respond quickly. The length of time that the OPA600 
can deliver these current pulses is limited by the RC time constant. 


The internal voltage drops, output voltage available, power dissipation, and maximum output current can be determined 
for the user’s application by knowing the load resistance and computing: 

i/ _ . At R'oad x 

VoUT — 14 ( TTTT—p ) 

jO + Rr.oAD 


This applies for Rload less than 1 000 and the current boost not activated. When Ri.oad is large, the peak output voltage 
is typically ±1 IV, which is determined by other factors within the OPA600. 


8.9 Short circuit protection. The OPA600 is a short -circuit-protected for momentary short to common (<5sec), typical 
of those encountered when probing a circuit during experimental breadboarding or troubleshooting. This is true only if 
pins 7 and 9 are open (current boost not activated). An internal 5011 resistor is in series with the collector of each of the 
output transistors which under fault conditions will cause the output transistors to saturate and limit the power 
dissipation in the output stage. Extended application of an output short can damage the amplifier due to excessive power 
dissipation. 


The OPA600 is not short-circuit-protected when the current boost is activated. The large output current capability of the 
OPA600 will cause excessive power dissipation and permanent damage will result even for momentary shorts to ground. 
Output shorts to either supply will generally destroy the OPA600 whether the current boost is activated or not. 
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8. 10 Heat sinking and power dissipation. The OPA600 is intended as a printed circuit board mounted device and as such, 
does not require a heat sink. It is specified for ambient temperature operation from -55° C to + 1 25°C. However, the power 
dissipation must be kept within safe limits. At extreme temperature and under full load conditions, some form of heat 
sinking will be necessary. The use of a heat sink, or other heat dissipating means such as proximity to the ground plane 
will result in cooler operating temperatures, better temperature performance, and improved reliability. 

The thermal model used to describe the OPA600 is more complete than is usual for operational amplifiers. The thermal 
resistances for the output stages have been separated from the thermal resistance for the balance of the OPA600. For 
most monolithic op amps and hybrids, thermal properties are usually represented by one thermal resistance, 0 JC; and in 
general, that is fairly accurate because the total power dissipation is low and the heat that is generated is in one area. For 
packaged power transistors, thermal properties are also accurately represented by one thermal resistance, 0JC; all the 
power is dissipated in one point source. The OPA600 op amp however, has a large power handling capability and large 
power dissipations occur in different locations within the amplifier under differing load conditions. 

The total power dissipation within the OPA600 is the sum of all the individual sources of dissipation. By making some 
simplifying assumptions and neglecting second order effects, the dissipations are grouped into three sources - quiescent 
power, NPN output transistor power, and PNP output transistor power. Using the thermal model shown in Figure 8 and 
the absolute maximum junction temperature rating (derate the maximum, if desired) and solving the Thevenin 
equivalent simultaneous equations that result, the user can determine junction, internal substrate, and case 
temperatures. It will be apparent that the output stages contribute significantly to the thermal rise. Under light loading, 
the requirements to dissipate the generated heat are much less than the requirements to dissipate heat under full load 
conditions at a maximum temperature. Using this expanded thermal information allows the user to safely apply the 
OPA600. 



Tjn = Junction temperature of NPN output transistor. 
Tjp = Junction temperature of PNP output transistor. 
Tjq = Worst case temperature of any device in the 
balance of the amplifier. 

Tc = Case temperature. 

T a = Ambient temperature. 

0i, 02= Thermal resistance, output transistors. 

03, 04 = Thermal resistance, substrate. 

'05 = Thermal resistance, substrate attach and package. 

06 = Thermal resistance, case to ambient. 

Pn = Worst case power dissipation in the NPN output 
transistor. 

P P = Worst case power dissipation in the PNP output 
transistor. 

Pq = Quiescent power dissipation. 

FIGURE 8. OPA600 Thermal Model. 

Below are two examples of using the thermal model. 

1. Find the worst case internal junction temperature rise above ambient. 

Conditions: Pq = 1 W 

Pn = Pp = 0.1 W 
no heatsink 
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Solution: T JN = 80.7P N + 48.7P P + 36.7P Q + T A 

T jn - Ta = 49.6°c 
as Pn = Pp Tj P - T a = 49.6°C 
Tjq = 49.6P q + 36.7Pn + 36.7P P + T A 
Tjq - T a = 57°C 

Answer: 57 °C 

2. Find the maximum output stage power dissipation allowed with a maximum case temperature of + 125°C and not 
exceeding the maximum junction temperature of + I75 M C. 

Conditions: Pq = 1 Watt 

Pn = Pp 

Solution: 32 12 17 



Tjn ~ Pn 32 + (P N + P P ) 1 2 + (Pn + Pp) 1.7+ P 0 I.7 + T c 
175 = 59.4 P N + 1.7+ 125 
P N = 0.8 13W 

Checking Tj Q : Tjq = (1) 12.9 + (2x 0.813 + 1) 1.7+ 125 
Tjq = 142°C (i.e. < 175°C) 

Answer: 0.8 13W may be dissipated in each output transistor. 

It may be necessary to physically connect the OPA600 to the printed circuit board ground plane, attach fins, tabs, etc., to 
dissipate the generated heat. Because of the wide variety of possibilities, this task is left to the user. For all applications it 
is recommended that the OPA600 be fully inserted into the printed circuit board and that the pin length be short. Heat 
will be dissipated through the ground plane and the AC performance will be its best. See paragraphs 8.1 and 8.2 
8.11 Testing. For static and low frequency dynamic measurements, the OPA600 may be tested in conventional 
operational amplifier test circuits, provided proper grounding techniques are observed, excessive lead lengths are 
avoided, and care is maintained to avoid parasitic oscillations. See the above sections, especially paragraphs 8. 1 and 8.2. 
The circuit in Figure 9 is recommended for low frequency functional testing, incoming inspection, etc. This circuit is less 
susceptible to stray capacitance, excessive lead length, parasitic tuned circuits, changing capacitive loads, etc. It does not 
yield optimum settling time. We recommend placing a resistor (approximately 300fl) in series with each piece of test 
equipment, such as a DVM, to isolate loading effects on the OPA600. 

To realize the full performance capabilities of the OPA600, high frequency techniques must be employed and the test 
fixture must not limit the amplifier. Settling time is the most critical dynamic test and Figure 10 shows a recommended 
OPA600 settling time test circuit schematic. Good grounding, truly square drive signals, minimum stray coupling, and 
small physical size are important. 

The input pulse generator must have a flat topped, fast settling pulse to measure the true settling time of the amplifier. A 
circuit that generates a ±5V flat topped pulse is shown in Figure 1 1. 

Every OPA600 is thoroughly tested prior to shipment assuring the user that all parameters equal or exceed their 
specifications. 



FIGURE 9. Amplifier Circuit for Increased Stability. 
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8.12 Increased Slew Rate. The OP A600 slew rate may be increased by using an alternate compensation shown in Figure 
9. The slew rate will increase between 700 and 800V/ /usee typical with 0.01% settling time increasing to between 175 and 
190nsec typical and 0.1% settling time increasing to between 1 10 and 120nsec typical. 

For alternate doublet compensation refer to Figure 9. For a closed-loop gain equal - 1 , delete C 1 and C2 and add a series 
RC circuit (R = 220, C = 0.00 1/uF) between pins 14 and 4. Make no connections to pins 1 1 and 5. Absolutely minimize 
the capacitance to these pins. If a connector is used for the OPA600, it is recommended that sockets for pins 1 1 and 5 be 
removed. For a PC board mount, it is recommended that the PC board holes be overdrilled for pins 1 1 and 5 and adjacent 
ground plane copper be removed. Effectively this compensation places the dominant pole at the input stage, allowing the 
output stage to have no compensation and to slew as fast as possible. Bandwidth and settling time are impaired only 
slightly. For closed-loop gains other than -1, different values of R and C may be required. 
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VFC32/MIL SERIES 

MODEL NUMBERS: 

VFC32WM/883B VFC32VM/MIL 


VFC32WM 

VFC32UM/883B 

VFC32UM 


VFC32VM/883B 

VFC32VM 

REVISION NONE 
OCTOBER, 1981 


VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES 

• HIGH LINEARITY 

±0.006% max (13 bits) and ±0.01% max 
(12 bits) at 10kHz FS 
±0.05% max at 100kHz FS 
±0.2% max at 0.5MHz FS 


> Hi-REL MANUFACTURE 
•6-DECADE DYNAMIC RANGE 

> OUTPUT DTL/TTL/CM0S COMPATIBLE 

> V/F OR F/V CONVERSION 


DESCRIPTION 

The VFC32 monolithic voltage-to-frequcncy and 
frequency-to-voltage converter provides a simple, 
low cost method of converting analog signals into 
digital pulses. The digital output is an open collector 
and the digital pulse train repetition rate is pro- 
portional to the amplitude of the analog input 
voltage. Output pulses are compatible with DTL, 
TTL, and CMOS logic families. 

The converter requires two external resistors and two 
external capacitors to operate. One external resistor 
and one external capacitor set up the full scale 
frequency, with a guaranteed nonlinearity of ±0.29r 
maximum at 500kHz. The other capacitor is the one- 
shot capacitor; for best performance it should have a 
low temperature coefficient. The other resistor is a 
noncritical open collector pull-up resistor. 

The VFC32/MIL Series converter is available in 
three electrical performance grades. The V grade has 
200kHz specifications and tests. The W grade has 
premium linearity, ±0.006% of FSR, and premium 
full scale accuracy temperature coefficient of 
100ppm/°C. The U grade is specified from -25°C to 
+85°C and from -55°C to +125°C. It is primarily for 
high performance test equipment, shipboard, ground 


support and industrial applications, where operation 
is normally between -25°C and +85°C and full 
temperature operation must be assured. All are 
packaged in welded, hermetically-sealed, TO-100 
cans. 

All devices are manufactured on a separate Hi-Rel 
manufacturing line with impeccable clean room 
conditions to assure “built-in” quality. 

Three product assurance levels are available: stan- 
dard, /883B, and / MIL. The standard models have 
many MIL-STD-883 screens performed routinely. 
The / 883 suffixed devices are 100% screened per 
MIL-STD-883 method 5004 class B and each / MIL 
suffixed device is Hi-Rel manufactured, 100% 
screened per MIL-STD-883 method 5004 class B, 
and has 10% PDA. 

Quality assurance further processes / MIL devices, 
performing group A and B inspections on each 
inspection lot and group C and D inspections 
periodically and when specified on the customer’s 
purchase order. A report containing the most recent 
group A, B, C, and D tests is available for a nominal 
charge. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cabl$: BBRCORP - Telex: 66-6491 
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DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
VOLTAGE-TO-FREQUENCY CONVERTER 
MONOLITHIC, SILICON 


I. SCOPE 

1. 1 Scope. This specification covers the detail requirements fora very linear, voltage-to-frequency converter. Lor the 
description of operation see paragraph 3.3.3. 

1 .2 Part Number. The complete part number is as shown below. 


VFC32 

V 

M 

MIL 



T 

T 



Basic model 
number 

Grade 
(see 1.2.1) 

Metal 

package 

Hi-Rel product 
designator 
(see 1.2.2) 


1 .2.1 Device t ype. The device is a single, voltage-to-frequency converter; it will also function as a single, frequency-to- 
voltage converter. Three electrical performance grades are provided. The V grade features specifications and tests at 
200kHz. The W grade features premium linearity (13 bits) and premium full scale accuracy. The U grade features 
specified and tested performance from -25°C to +85°C and maintains -55°C to +125°C operation. 

Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device class. The device class is similar to the product assurance level class B, as defined in MIL-M-38510. The 
Hi-Rel product designator portion of the part number distinguishes the product assurance level as follows: 

Hi-Rel Product 

Designator Requirements 

/MIL Standard model, plus 100% MIL-STD-883 class B screening, with 10% 

PDA, plus quality conformance inspection (QCI) consisting of Groups A 
and B performed on each inspection lot, plus Groups C and D performed 
initially and periodically thereafter. 

/883B Standard model, plus 100% MIL-STD-883 class B screening. 

(none) Standard model including 100% electrical testing. 


1.2.3. Case outline. The case outline is A-2 (10-lead can, TO-100) as defined in MIL-M-38510, Appendix C. The case is 
metal and is conductive. 

1.2.4 Absolute maximum ratin gs. 


Supply voltage range 
Input voltage range. +input, pin 1 
Input voltage range, -input, pin 2 
Output pull-up supply voltage (\?v) 
Output sink current, pin 6 
Comparator input voltage 
Output current pin 10 
Storage temperature range 
Lead temperature (soldering, 60sec) 
Junction temperature 


±22VDC 
±22VDCi J 
±22VDC j j 
±22VDCjy 2/ 
16mA 

±22VDCjy 

±20mA 

-65°C to + 1 50° C 

300°C 

T.» = 175°C 


J J The absolute maximum input voltage is equal to the supply voltage. 
_2/ Vpi is the supply voltage connected to pin 6 via R:. see Figure 2. 


7-62 



VFC32 MIL SERIFS 


1.2.5 Recommended operatin g conditions. 

Supply voltage range 
Output pull-up supply ( V i»i ) 
Input voltage range, (V| N ) 

Input current range, pin 2 

Full scale frequency 
Ambient temperature range 

1 .2.6 Power and thermal characteristics. 


±1 I VDC to ±20VDC 

+4.5VDC to +20 VDC 

0 V DC to +[0.00025 x ( R, + RO] VDC _iyjy 

-lOVDCtoOVDC jj 

0mA to +0.25mA 

0mA to +0.50mA 2 j 

iOOkH/ jj 

-55“C to +I25°C 


Maximum allowable Maximum Maximum Maximum 
Package Case outline power dissipation 6 J-C f) C-A 0 J-A 

10-lead can A^2 225m W at T \ = 125°C 70“C W 150' C W 220"C W 

(TO-100) 

2. APPLICABLE DOCUMENTS 

2. 1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 
MILITARY 

M1L-M-38510 - Microcircuits, general specification for. 


STANDARD 

MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3. 1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 


3.1.1. Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.1.2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the United States ol 
America. 

3.2 Desi g n, construction, and ph ysical dimensions. 

3.2.1 Packa g e, metals, and other materials. The package is in accordance with paragraph 3.5.1 of M11.-M-38510. I he 
exterior metal surfaces are corrosion resistant. The other materials are nonnutrient to fungus as specified in 
M1L-M-38510. 

3.2.2 Desi g n documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance w ith 
MIL-M-38510. 

3.2.4. Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. 



3.2.5 Glassivation. The microcircuit die is glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.7 Ph ysical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.8 Circuit dia g ram and terminal connections. The circuit diagram and terminal connections are shown in Figure I . 

3.2.9 Schematic circuit. The functional schematic circuit is shown in Figure 1. 

3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table 1 and apply 
over the full operating ambient temperature range of -55 ’C to +125°C, unless otherwise specified. 

3.3.1 Additional electrical performance characteristics. Electrical performance curves are shown within paragraph 7. 

3.3.2 Connection dia g ram. The connection diagrams for voltage-to-frequency operation are shown in Figures 2 and 3. 
The connection diagram for frequency-to-voltage operation is shown in Figure 4. 


JJ For positive input voltages (see F'igure 2). 

2] For frequencies IOOkH/ to 500kH/ 50'/ duty cycle is recommended (see paragraph 3. 3.3.1). 
JJ For negatiye input voltages (see Figure 3). 

4J For best line linearity. 
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N C = NO INTERNAL CONNECTION. 
EXTERNAL CONNECTION PERMITTED. 


FIGURE 1. Terminal Connections and Functional Schematic Circuit. 


3.3.3. Description of Operation. The input amplifier of the VFC is connected as an integrator (see Figure 2). When a 
positive input voltage is applied at V| N , a constant current, Vi\ ( R ( + Ri). will How through the input resistor, ( Ri + R<), 
chargingcapacitorC:. At this time the current sink is disabled as the switch isopen and the VFC output, pin 6, is logic “0”. 
T he voltage at the amplifier output (comparator input) will ramp down from a positive voltage toward zero, according to 
dv dt = Vis [(Ri T ROC:]. When the ramp reaches a voltage close to zero(« -0.6 V), the comparator changes state, and 
fires the one shot. Note, this period of time is a function of the input voltage, Vj\. 

As the one-shot fires, the VFC output, pin 6, changes from logic k ‘0”to logic “I ”, and the switch closes enabling the 1 mA 
current sink. The length of time the one shot fires is determined by a reference (7.5 V) within the one shot and the external 
one shot capacitor Ci. Note, this period of time is not a function of the input voltage. For good over temperature 
performance Ci must have a low temperature coefficient. When the current sink is enabled, the current in the integrating 
capacitor, C:, reverses direction and Hows toward the summing junction. T his occurs because the constant input current. 
V|\/ (Ri + R.0, is set up to always be less than the 1mA current sink. The voltage at the amplifier output ramps up 
according to dv dt = [(Vin (Ri + R.0 -( 1mA)] C:. Before the ramp voltage saturates the amplifier, the one shot resets. 
When the one shot resets, the switch opens, the current sink is disabled, the VFC output changes back to logic “0” and the 
cycle repeats. 

The total VFC period is determined by the following equations: 


and: 


f.,=t 

t_t, . + ‘ 2 c> .... c 2 

' AVo, " r - tl V,n/(R, + R,) + AVo "" t2 Vin/(R, + R,)-lmA 

-AVouTtl == TAVoin t2 
7.5V 


t2 = C, 


1 mA 


The equations reduce to: 

V, N 


fo = 


7.5 (R, + R 3 )C, 



N ote, the output frequency is not dependent upon C 2 , and the temperature coefficients of Ri , R 3 , and Ci are critical to the 
VFC’s over-temperature performance. These temperature coefficient effects must be added to the drift specifications of 
the integrated circuit itself. 

3.3.3. 1 Duty cycle. The duty cycle (D) of the VFC is the percent the one-shot period (t:) is of the total VFC period (ti + 1:). 
It is measured at the full scale input voltage, which is the full scale frequency. 


Duty cycle is related to the maximum input current and the 1 m A (nominal) current sink. By reducing the equations for t: 
and f«: 

_ V in max / (Ri + RQ _ h\ max 
1mA 1mA 
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TRANSFER FUNCTION 


0 7.5 (R 1 + R 3 ) 

V cc = ±1 5VDC 
Vpu = 5V0C 
V, n = OVDC to +10VDC 
f 0 = MHz to 10kHz 

EXTERNAL COMPONENTS 

R, = 30kn R 5 = 50kn 
R 2 = 1.2kll C, = 3300pF (0 = 0-251 
R 3 = 20kn C 2 = O.OlyuF 
R 4 = lOMn 


FIGURE 2. Connection Diagram, Voltage-to-Frequency Operation. Positive Input. 



TRANSFER FUNCTION 

, - 

0 7.5 (R, + R 3 ) C, 

V cc = ±15VDC 
V pu = 5V0C 
V, n = -1 OVDC to +0VDC 
f 0 = MHz to 10kHz 

EXTERNAL COMPONENTS 
Rj = 30kn Rg = 50kil 
R 2 = 1.2kfl C, = 3300pF (0 = 0.25) 
R 3 = 20kn Cg = 0.01/uF 
R 4 = lOMo 


FIGURE 3. Connection Diagram, Voltage-to-Frequency Operation. Negative Input. 




TRANSFER FUNCTION 
V„= 7.5 (R^ + R 3 ) C! f in 
V m = ±15V0C 
f, n = 10Hz to 10kHz |TTL) 


V n = ±0.01 V0C to +10V0C 


EXTERNAL COMPONENTS 


R 1 = 30kn 
R 3 = 20kn 
R 4 = 10Mn 
R 5 = 50kn 


Rg = 12kn 

Cj = 3300pF (0 = 0.25) 
C2 = OOl^F 
Cg = 0.01 /uF 


FIGURE 4. Connection Diagram, Frequency-to-Voltage Operation. 


External component selection is typical. See paragraph 3.3.3. 
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The duty cycle (D) may be selected by the user to any value ^ 70% (D < 0.70). The 70% limit is due to component 
tolerances, offset, temperature effects, etc., and allowing 0.70mA as the minimum value for the 1mA (nominal) current 
sink, the worst case, maximum input current, Vin/(Ri + R3), is 0.50mA. 

The normal, recommended duty cycle is 25% ( D = 0.25) because this yields the best linearity. This is a maximum input 
current, Vin/ ( Ri + Ri), of 0.25mA. The value of the external capacitor Ci is the primary determinant of duty cycle and it is 
selected first; it determines the period t 2 . Then the maximum input current, Vin/( Ri + Ri), is computed to satisfy the VFC 
transfer function, which determines the total VFC period, ti + t 2 . 

For frequencies above 1 00kHz, the recommended duty cycle is 50% ( D = 0.50); that is, 0.50mA maximum input current. 
This provides additional time for t 2 and compensates for the inherent delay time within the integrated circuit. This 
additional time allows the output transistor to turn off, providing a logic “1” output pulse, especially at elevated 
temperature. 

3.3.4. External component selection. Refer to Figures 2, 3, and 4 for examples of external components’ selection. 
One-shot capacitor Ci. This capacitor determines the duration of the logic “1 ” output pulse. For a 25% duty cycle (D = 
0.25), 0.25mA maximum input current, use the first equation and select the closest standard value. For any duty cycle, D, 
use the second equation. 

^ /.n _ 33 x 10 6 m ^ , r-v _ D x 133 x I0 6 ™ 

Ci (pF) = — 30 or Ci (pF) = 30 

1MAX » MAX 


The initial tolerance of this capacitor is not critical because Ri can be adjusted to remove the initial gain error. The 
temperature coefficient is critical because it adds directly as a transfer function error. An NPO ceramic type capacitor is 
recommended. Every effort should be made to minimize parasitic capacitance and Ci should be mounted as close as 
possible to the VFC. 

In put resistor Ri -1- R,i. Ri + Ri determines the magnitude of the input current which charges the integrating capacitor C:. 
The total resistance is calculated according to 


Ri + Ri 


Vin max 

I IN 


Normally, Iin is 0.25mA; refer to paragraph 3.3.3. 1 . Ri, as a percentage of the Ri and Ri total resistance, should be 90% 
minus the percent initial tolerance of Ci. Ri is the initial gain error adjustment, and as a percentage of the Ri -I- Ri total 
resistance, Ri should be 20% plus twice the percent initial tolerance of Ci. The initial tolerance of Ri and Ri are not 
critical, but the temperature coefficients are critical because they add directly as transfer function errors. If the input 
signal is current rather than a voltage, Ri and Ri are replaced with a short circuit, and the removal of a gain error then 
requires adjustment of Ci. 

Trimmin g components R 4 and Rs. Rs nulls the offset voltage of the input amplifier (VFC offset error). It should have a 
resistance between lOkfl and lOOkHand a temperature coefficient less than or equal to lOOppm/ °C. R 4 should be 10MH 
and may be a 20 % carbon composition resistor. 

Output pull-up resistor R 2 . Select a 10% carbon composition resistor according to 

^ V pull-up 

8mA - Ifrom— Ihe— load 


For high frequency operation, f^ 100kHz, it is necessary to minimize the capacitive loading of the output terminal, pin 6, 
to allow the open collector output voltage to rise rapidly to logic “ 1 ”. One way to shorten the time constant formed by the 
pull-up resistance and the capacitance at this node is to lower the pull-up resistance. Do not exceed 16mA collector 
current. Note that the output saturation voltage will exceed 0.4 V. The best way to shorten the time constant is to minimize 
the capacitive loading. The use of a TTL buffer is effective. 

Integ ratin g capacitor C 2 . C 2 is a function of the full scale frequency and is selected according to 

C 2 fiuF) = — x (0.001/iF minimum) 

fmax 


Select the closest standard value to the calculated value. The initial tolerance and temperature coefficient are not critical 
since C 2 does not appear in the transfer function. The leakage current of C 2 is critical as it introduces a gain error. Select a 
capacitor type with small leakage compared to the full scale input current (0.25mA); a mylar type is recommended. 
Frequency-to-volta g e operation R^, R7, Ci. 

To interface with TTL logic, the input should be coupled through a capacitor (C3), and the minus input to the comparator, 
pin 7, biased near +2. 5 V (see Figure 4). The converter will detect the falling edge of the input pulse train as the voltage at 
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pin 7 crosses -0.6V. The converter will reset as the voltage at pin 7 goes positive and crosses T1.0V. Choose Cj for an 
appropriate R*, R 7 , C 3 time constant such that the time, t, from -0.6V to +1 .0V, meets the specified pulse width range 
requirements (Table I). For input signals with amplitudes less than 5V, it will be necessary to bias pin 7 closer to zero to 
insure that the input signal at pin 7 crosses the -0.6V threshold. Errors may be nulled (see paragraph 3.3.5) using 0.001 of 
full scale frequency to null the offset, and full scale frequency to null the gain error. 

Power su pply by pass capacitors. Each power supply should be bypassed to ground as close as possible to the converter 
with 0.01/uF capacitors. 

3.3.5. Offset and g ain error null. The VFC is capable of being nulled to zero offset and zero gain error using the circuits 
shown in Figures 2, 3, and 4. Rs effects zero offset error; Rt effects zero gain error. 

The offset and gain error null adjustment procedure is: 

a. Apply an input voltage that should produce an output frequency of 0.001 of full scale. 

b. Adjust Rs for 0.001 of full scale frequency. 

c. Apply full scale input voltage. ± 

d. Adjust R 3 for full scale frequency. 

e. Repeat steps a through e. 

If nulling is unnecessary for the application, delete R 4 and R 5 , and replace R 3 with a short circuit. 

3.4 Electrical Tests. Electrical test requirements are as specified in Table II. The subgroups of Table III and limits of 
Table IV, which constitute the minimum electrical tests for screening, qualification, and quality conformance, are shown 
in Table'll. 

3.5 Markin g. Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1.2). 

b. Inspection lot identification cod e.2j 

c. Manufacturer's identification ( |e|n|§3"). 

d. Manufacturer’s designating symbol (CEBS). 

e. Country of origin (U.S.A.). 

3.6 Workmanshi p. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown’s product assurance program. 

3.6. 1 Rework provisions. Rework provisions for / MIL and / 883 B Hi-Rel product designations, including rebonding, are 
in accordance with MIL-M-38510. 

3.7 Traceability . Traceability is in accordance with MIL-M-385 10. Each microcircuit is traceable to the production lot 
and to the component vendor’s component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process chan ge. Burr-Brown will not implement any major change to the design, materials, construction, 
configuration, or manufacturing process which may affect the performance, quality, reliability or interchangeability of 
the microcircuit without full or partial requalification. 

3.9 Screenin g. Screening, for / MIL and / 883 B Hi-Rel product designations, is in accordance with M1L-STD-883, 
method 5004, class B, except as modified in paragraph 4.3. 

For the standard model, Hi-Rel product designation (none), routine manufacturing processing includes Burr-Brown 
internal visual inspection, stabilization bake, fine leak, gross leak, constant acceleration, and external visual inspection 
per MIL-STD-883, method 5004, class B. 

For the / MIL Hi-Rel product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Q ualification. Qualification is not required. See paragraph 4.2 herein. 

3.1 1 Q uality conformance inspection. Quality conformance inspection, for the / MIL Hi-Rel product designation, is in 
accordance with MIL-M-38510, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to mircocircuit delivery. 


NOTE: 

\J For optimum linearity it is recommended that gain error nulling be performed at 90 ( /( of full scale frequency rather than at 100*7 of full scale frequency. 
_2_ A four-digit date code, indicating year and week of seal, is marked on 883 B and (none) Hi-Rel product designations. 
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TABLE I. Electrical Performance Characteristics 

All characteristics Ta = -55°Gto +125°C, ±Vcc = 15VDC, unless otherwise specified. 






VFC32 U GRADE 


CHARACTERISTICS 

CONDITIONS 

B 

TYP 

im2ZS3B 


TYP 



TYP 

B 

UNITS 

INPUT (V/F CONVERTER) f 

Bias current 

Ta = +25° C 











Inverting input 



10 

40 







nA 

Noninverting input 



50 

100 







nA 

Offset voltage _1/ 

Ta = +25°C 


1 

4 







mV 

Differential impedance 

Ta = +25° C 

330 1! 10 

65011 10 








kail pF 

Common-mode 

Ta = +25° C 




■ 







impedance 


300|| 3 

500|| 3 







1 


Mn || pF 

INPUT (F/V CONVERTER) j 

Impedance 

Ta = +25° C 




WM 


■j 

B 

B 

■ 

kll || pF 

Logic "1" 







BHB 

1 b 



V 

Logic "0" 








b 

B 

B ' ^ 

V 

Pulse-width range 





B 

B 

B B 

B 

. ■ .. . 

B 

/usee 

ACCURACY | 


/ 0.01 Hz ^ oper 

I freq < 10kHz 
_ 1 10kHz ^ oper 


±0.005 

±0.010 3/ 


±0.003 

±0.006 


±0.005 

±0.010 

% of FSR 4/ 

B 

Ta - +25°C< freq ^ 1QOkHz 


±0.025 

±0.050 







% of FSR 


1 100kHz < oper 












\ freq < 500kHz 


±0.050 

±0.200 







% of FSR 

Offset error i input 












offset voltage i J/ 

Ta = +25° C 



±4 







mV 

Offset drift J>/ 

-25°C to +85° C 







B 


hb 

ppm of FSR/°C 


-55° C to +125°C 



±3 



±3 

B 


B 

ppm of FSR/°C 

Gain error J/ 

Ta = +25° C 


■rut 








% of FSR 

Gain drift _5/ 

f = 10kHz -25° C to +85° C 

■ 

■ 




±100 



±150 

ppm/°C 


f= 10kHz -55°C to +125°C 

B m 

■ 




±100 



±300 

r ppm/°C 

Full scale drift 

f= 10kHz -25°C to +25°C 




-100 

-50 

0 

-150 


+50 

ppm of FSR/°C 

(offset drift & 

+25°C to +85° C 




0 

+25 

±100 

-50 


+150 

ppm of FSR/°C 

gain drift) 5/6/ 

f= 10kHz -55°C to +25°C 

-200 

-50 

+100 

-100 

-50 

0 

-300 


+100 

ppm of FSR/°C 


+25° C to +125°C 

-100 

+50 

+200 

0 

+50 

+100 

-100 


+300 

ppm of FSR/°C 


f = 200kHz -55°C to +25°C 

-400 

-200 

0 







ppm of FSR/°C 


+25°C to +125°C 


0 

±150 







ppm of FSR/°C 

Power supply 

f = DC, ±Vcc = 12VDC 




■ ■ 







sensitivity 

to 18VDC 


±0.030 

±0.040 







% of FSR/% 

OUTPUT (V/F CONVERTER) (open collector output) f 

Voltage, logic "0" 

Leakage current, 

Isink = 8mA 

0 

0.2 

0.4 







V 

logic “1" 

Vo = 15V 


0.01 

1.0 







pA 

Voltage, logic “1" 

External pull-up resistor 
required (see Figure 2i 



Vpu 







V 

Pulse width 



0.25/Fmax 








sec 

Fall time 

Iout = 5mA, Cload = 500pF 



400 







nsec 

OUTPUT (F/V CONVERTER) f 

Voltage 

lo = 7mA 

0 to +10 









V 

Current 

Vo = 7VDC 

+10 









mA 

Impedance 

Closed loop 



1 







a 

Capacitive load 

Without oscillation 



100 







PF 

DYNAMIC RESPONSE j 

Full scale frequency 


500 









kHz 

Dynamic range 

Settling time 

( V/F i to specified linearity 

6 









decades 


.Win = 10V 


J 









Overload recovery 

<50% overload 


JJ 









POWER SUPPLY | 

Quiescent current 

Ta = +25° C 

. 

±45 

±6.0 




“ . 

■ 

• 

, _ mA ' 

TEMPERATURE RANGE (ambient) | 

Operating 


-55 


+125 







°C 

Storage 


-65 


+150 







°C 


‘Specification the same as V grade. 

NOTES: 

J / Adjustable to zero. See paragraph 3.3.5. 

2J Linearity error is specified at any operating frequency from the straight line intersecting 90% of full scale frequency and 0.1% of full scale frequency. 
See paragraph 7. 

_3/ ±0.015% of FSR for negative inputs. 

4/ FSR = Full Scale Range (corresponds to full scale frequency and full scale input voltage). 

5/ Exclusive of external components’ drift. 

6/ Positive drift is defined to be increasing frequency with increasing temperature. 

7/ One pulse of new frequency plus l^sec. 
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TABLE II. Electrical Test Requirements. 



— ^^MODELS^^ 

VFC32VM/MIL 

VFC32VM 

VFC32VM/883B 

VFC32WM 

VFC32WM/883B 

VFC32UM 

VFC32UM/883B 

MIL-STD-883 test requirement (class B) 


SUBGROUPS ( 

SEE TABLE III) 


Interim electrical parameters (preburn-in) 

(method 5004) 

1 

1 

1 

1 

Final electrical test parameters (method 5004) 

1 *, 4, 5, 6 

1,4, 5,6 

1,4,5, 5U, 6, 6U 

1,4, 5, 5U.6.6U 

Group A test requirements (method 5005) 

1.4. 5, 6 

- 

- 

.. 

Groups C and D end point electrical parameters 
(method 5005) 

Table IV 

__ 

.. 


Additional electrical subgroups for group C inspection 

2,3 


- 

-- 



‘PDA applies to subgroup 1 (see 4.3.0 


TABLE 111. Group A Inspection. 


SUBGROUP 


1 

Ta = +25° C 


Ta « +125°C 


3 

Ta - -55° C 

4 

Ta = +25°C 


PARAMETERS 


Input offset voltage 
Input bias current 
i inverting input 
Input bias current 
i noninverting input > 
Output logic “0" 

Output leakage current 
logic 1 

Quiescent current 


Output logic ‘‘CT 


Output logic “0” 

Gain error, unadjusted 
Linearity error 
fFULL SCALE = 200kHz 1/ 


Gain error, unadjusted 
Linearity error 
fFULL SCALE = ICIkHz J/ 


5 

Ta = +125°C 

Full scale drift 


Full scale drift 


T 


C 

6U 

Ta = -25° 

C 


CONDITIONS 

+Vcc = 15 V. 

unless otherwise specified 

Pin 6 

sink = 10mA 

Pin 6 

Vqut = 15V 

[ +Vcc and -Vcc 

Pin 6 

Isink = 8mA 

Pin 6 

IsiNK = 8mA 

f = fFULL SCALE 

f = 200kHz 
f = 150kHz 
f = 100kHz 
f = 50kHz 
f = 10kHz 
f = 5kHz 
f = 1kHz 

= 200kHz 

f = fFULL SCALE 

f = 10kHz 
f = 7kHz 
f = 5kHz 

f = 1kHz 
f = 0.5kHz 
f = 0.1 kHz 

= 10kHz 

f = 200kHz 2/ 

+25°Cto+125°C 

f= 10kHz 2/ 

+25°Cto+125°C 

f= 10kHz 2/ 

+25° C to +85° C 

f = 200kHz 2/ 

-55° C to +25° C 

f = 10kHz 2J 

-55° C to +25°C 

f= 10kHz 2/ 

-25° C to +25° C 


VFC32 
V GRADE 



‘Limits the same as V grade. 

NOTE: 

1/ Linearity error is adjusted or normalized to zero at 90% of full scale frequency and at 0.1% of full scale frequency. 
2/ Subtract the frequency at the colder temperature from the frequency at the hotter temperature. 
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TABLE IV. Groups C and D, End Point Electrical Parameters (T.\ = +25 l, C, ±V ( ( = I5VDC). 


TEST 

LIMITS 

VFC32VM/MIL 

Input Offset Voltage 

Input Bias Current (-) 
Input Bias Current (+) 
Full Scale Drift 

4mV 

40nA 
lOOnA 
±3kHz (Hot) 
-6.4kHz, 0Hz (Cold) 


4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samplin g and inspection. Sampling and inspection procedures are in accordance with MIL-M-38510 and 

MIL-STD-883, method 5005 except as modified herein. 

4.2 Q ualification. Qualification is not required unless specifically required by contract or purchase order. 

When so required, qualification will be in accordance with the inspection routine of MIL-M-385 10, paragraph 4.4.2. 1 . 

The inspections to be performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4. 1 , 

4.4.2, 4.4.3, and 4.4.4). 

Burr-Brown has performed and successfully completed qualification inspection as described above. The qualification 

report is available from Burr-Brown. 

4.3 Screenin g. Screening, for / MIL and /883B Hi-Rel product designations, is in accordance with MIL-STD-883, 

method 5004, class B, and is conducted on all devices. The following additional criteria apply: 

a. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 
optional at the discretion of the manufacturer. 

b. Burmin test (MIL-STD-883, method 1015) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 5 herein 

(3) Ta = T125°C minimum 

(4) Test duration is 160 hours minimum 

c. Percent defective allowable (PDA). The PDA, for / M 1 L H i-Rel product designations only, is 10 percent based on 
failures from group A, subgroup 1 test after cool-down as final electrical test in accordance with MIL-STD-883, 
method 5004, and with no intervening electrical measurements. If interim electrical parameter tests are performed 
prior to burn-in, failures resulting from preburn-in screening failures may be excluded from the PDA. If interim 
electrical parameter test prior to burn-in are omitted, all screening failures shall be included in the PDA. The 
verified failures of group A, subgroup 1 after burn-in in that lot are used to determine the percent defective for that 
lot, and the lot is accepted or rejected based on the PDA. 

d. External visual inspection need not include measurement of case and lead dimensions. 


0.01 m F 



FIGURE 5. Test Circuit, Burn-in and Operating Life Test. 
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4.4 Q uality conformance inspection. Groups A and B inspections of M I L-STD-883, method 5005, are performed on each 
inspection lot. Groups C and D inspections of M 1L-STD-883, method 5005, are not required unless specified by contract 
or purchase order. 

Burr-Brown periodically performs groups C and D inspections of MIL-STD-883, method 5005. A report of the most 
recent groups C and D inspections is available from Burr-Brown. 

4.4. 1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5005, Table I, and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in Ml L-STD-883, 
method 5005, Table II (class B). 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5005, Table III, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

( 1 ) Test condition B 

(2) Test circuit is Figure 5 herein 

(3) Ta = + 125°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

4.4.4. Grou p D inspection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5005, Table IV, and as follows: 
a. End point electrical parameters are specified in Table IV herein. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5. 1 Volta g e and current. All voltage values given, except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 Inspection of pre paration for deliver y. Inspection of preparation for delivery is in accordance with M1L-M-385I0, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packa gin g and packin g. Microcircuits are prepared for delivery in accordance with MIL-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Orderin g data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1 .2). 

b. Requirement for certificate of compliance, if desired. 

6.4 Microcircuit g roup assi g nment. These microcircuits are assigned to Technology Group D as defined in MIL-M- 
38510, Appendix E. 

6.5 Electrostatic sensitivit y. Caution - these microcircuits may be damaged by electrostatic discharge. Precautions 
should be observed at all times. 
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7. DISCUSSION OF SPECIFICATIONS. 

7. 1 Linearit y. Linearity is the maximum deviation of the actual transfer function from the straight line intersecting 90 ( ’( of 
the full scale frequency (90% of full scale input) and 0. 1% of the full scale frequency (« zero input). Linearity is the true 
measure of a VFC’s performance. Linearity error is a function of the full scale frequency as shown in Figure 6. Fora given 
full scale frequency the linearity error decreases with decreasing operating frequency as shown in Figure 7. To allow the 
user to benefit with improved linearity at lower frequencies, linearity error is specified in bands of operating frequency 
(see TableT). 

7.2 Frequency stability versus temperature. The full scale frequency drift of the VFC32 versus temperature is shown in 
Figure 8. The temperature coefficient effects of the external components (especially Ri and Ci ) must be added to the drift 
of the converter. 



FIGURE 6. Linearity Error vs Full Scale Frequency. 
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FIGURE 7. Linearity Error vs Operating Frequency. 



FIGURE 8. Full Scale Drift vs Full Scale Frequency. 


The information in this publication has been carefully checked and is believed to be reliable; however, no responsibility is assumed for possible inaccuracies 
or omissions. Prices and specifications are subject to change without notice. No patent rights are granted to any of the circuits described herein. 
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MODEL NUMBERS: 


|PPf 

3500R/MIL 


11 i 

3500R/883B 



3500U/883B 



REVISION A 
OCTOBER, 1981 


General Purpose - Military 
OPERATIONAL AMPLIFIER 


FEATURES APPLICATIONS 

• LOW BIAS CURRENT. ±30nA. MAX • GENERAL PURPOSE AMPLIFIER 

• LOW DRIFT. ±20 m V/°C. MAX • ANALOG COMPUTATION 

• LOW NOISE. 1.4 m V. rms • PRECISION BUFFER 

• WIDE SUPPLY RANGE. ±3VDC to ±20VDC • LOW DRIFT INTEGRATOR 

• INTERNAL COMPENSATION • BRIDGE AMPLIFIER 

• HI-REL MANUFACTURE • STABLE REFERENCE CIRCUITS 


DESCRIPTION 

The 3500 IC op amps are designed for low input 
current while maintaining slew rate and bandwidth 
adequate for most applications. The low input bias 
current is achieved by a unique bias current cancelling 
circuit. This method insures that the bias current 
remains low over the full temperature and common- 
mode voltage ranges. The same circuitry gives the 
amplifier high impedance, both differential and 
common-mode. 

The 3500 is also a low noise 1C op amp. Both current 
and voltage noise are low, including the low frequency 
“flicker” and “popcorn” noise which usually prevent 
the use of IC op amps for low-level signal processing. 

The 3500 is internally compensated for unconditional 
stability for all feedback configurations, even with 
capacitive loads. The slew rate is independent of 
supply voltage level. The input stage of the 3500 series 
exhibits no latch-up when the common-mode voltage 
range is exceeded. The input impedance remains high 
with differential inputs as high as ±30 volts, thus the 
amplifier can be used as a sensitive comparator. The 
output stage is internally current-limited to provide 
protection against continuous short circuits. The 


3500 is interchangeable with 741 type amplifiers but 
gives greatly improved performance. 

These devices are manufactured in a hi-rel environ- 
ment with clean room conditions which assures 
“built-in” quality. Each device is 100% internally 
visually inspected per MIL-STD-883 method 2010 
and after the cap is welded on, the balance of the 
MIL-STD-883 method 5004 class B screening is 
completed. 

The MIL suffixed devices are processed further by 
Quality Assurance, performing groups A and B 
inspections on each inspection lot and groups C and 
D inspections when specified on the customer's 
purchase order. A report containing the most recent 
groups A, B, C.and D tests is available for a nominal 
charge. 

The R grade devices offer the best performance over 
the ambient temperature range of -55’C to +125°C. 
However, if the operating ambient temperature range 
will not exceed -25°C to +85°C, such as with test 
equipment, the U grade device provides full per- 
formance at lower cost. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-447A 
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DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 
MONOLITHIC, SILICON 


I . SCOPE 

1 . 1 Scope. This specification covers the detail requirements for a monolithic, integrated circuit operational 
amplifier. 

1.2 Part Number. The complete part number is as shown below. 



Basic model Grade Hi-Rel product 

number (see 1.2.1) designator 

(see 1.2.2) 


1.2.1 Device t ype. The device is a single, operational amplifier. Two electrical performance grades are 
provided, the R grade and the U grade, with the R grade offering the higher electrical performance. 

1.2.2 Device class. The device class is similar to the product assurance level class B, as defined in 
MIL-M-38510. 

The Hi-Rel product designator portion of the part number distinquishes the product assurance level as 
follows. 

Hi-Rel product 

designator Requirements 

/MIL Basic model, plus 100% M IL-STD-883 class B screening with 10% PDA, plus 

quality conformance inspection (QCI) consisting of Groups A and B on each 
inspection lot, plus Groups C and D performed initially and periodically 
thereafter. 

/ 883 B Basic model, plus 100% M IL-STD-883 class B screening. 

1.2.3 Case outline. The case outline (8-lead can) is as defined in Figure 4. The case is metaland is conductive. 

1.2.4 Absolute maximum ratin gs. 

Supply voltage range 
Input voltage range 
Differential input voltage range 
Storage temperature range 
Output short-circuit duration 
Lead temperature (soldering, 60sec) 

Junction temperature 


±3VDC to ±20VDC 
-55°C to + 125°C 


Maximum allowable Maximum Maximum 
Package Case outline power dissipation 0 J-C 0 C-A 

8-lead can FIGURE 4 225m W at T A = 125°C 70T W 220"C W 


1.2.5 Recommended operatin g conditions . 

Supply voltage range 

Ambient temperature range 

1.2.6 Power and thermal characteristics. 


±20VDC 
±20VDC_iy 
±40VDC \j 
-65°C to +I50’C 
Unlimited 2 ] 
300°C 
Tj = 1 75°C 


J J The absolute maximum input voltage is equal to the supply voltage. 

2J Short circuit may be to ground only. Rating applies to +I35'C’ case temperature or +50"t' ambient temperature at + 15V IX' supplx \ ullage. 
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2. APPLICABLE DOCUMENTS 

2.1 The following documents form a part of this specification to the extent specified herein. 

SPECIFICATION 

MILITARY 

MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 

MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3. 1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting requirements 
the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.1.2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the United States of 
America. 


3.2 Des ig n, construction, and ph ysical dimensions. 

3.2. 1 Packa g e, metals, and other materials. The package is in accordance with paragraph 3.5. 1 of M1L-M-385 10. The 
exterior metal surfaces are corrosion resistant. The other materials are nonnutrient to fungus as specified in 
MIL-M-38510. 

3.2.2 Des ig n documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-38510. 


3.2.4 Lead material and finish. The lead finish is gold plate. The lead material and finish is solderable per M I L-STD-883, 
method 2003. 


3.2.5 Glassivation. The microcircuit die is glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.7 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.8 Circuit dia g ram and terminal connections. The circuit diagram and terminal connections are shown in Figure 




■Vex- (CASE) 


8-LEAD CAN (TOP VIEW) 

FIGURE 1. Terminal Connections. 


7-75 


3500 M1LSERIES 

FIGURE 2. Schematic Circuit. 

3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table 1 and apply 
over the full operating ambient temperature range of -55"C to + I25°C, unless otherwise specified. 

3.3.1 Additional electrical performance characteristics. Electrical performance curves are shown in paragraph 7. 

3.3.2 Offset and g ain error null. The amplifier is capable of being nulled to zero offset voltage using the circuit in Figure 2. 
If nulling is unnecessary for the application, delete the potentiometer and make no connections. 

+Vci 



FIGURE 2. Offset Null Circuit. 

3.3.3 Frequency compensation. No frequency compensation is required. The amplifier is free of oscillation when 
operated at any gain and when operated in any test condition specified herein. 

3.4 Electrical tests. Electrical tests are shown in Table 111. The sub-groups of Table 111 and limits of Table IV, which 
constitute the minimum electrical tests for screening, qualification, and quality conformance, are shown in fable II. 

3.5 Markin g. Marking is in accordance with MIL-M-38510. The following marking is placed on each microciruit as a 
minimum. 

a. Part number (see paragraph 1.2) 

b. Inspection lot identification code \ 

c. Manufacturer’s identification ( ISaBT *) 

d. Manufacturer’s designating symbol (CEBS) 

e. Country of origin (U.S.A) 

3.6 Workmanshi p. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown’s product assurance program. 

3.6.1 R ework provisions. Rework provisions for the MIL Hi-Rel product designation, including rebonding, are in 
accordance with MIL-M-38510. 

3.7 Traceabilit y. Traceability is in accordance with MIL-M-38510. Each microcircuit is traceable to the production lot 
and to the component vendor’s component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process chan ge. Burr-Brown will not implement any major change to the design, materials, construction, 
configuration, or manufacturing process which may affect the performance, quality, reliability or interchangeability of 
the microcircuit without full or partial requalification. 

3.9 Screenin g. Screening is in accordance with M 1 L-STD-883, method 5004, class B, except as modilied in paragraph 4.3 
herein. 

For the / MIL Hi-Rel product designator, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Q ualification. Qualification is not required. See paragraph 4.2 herein. 

3.1 1 Q uality conformance inspection. Quality conformance inspection for the MIL Hi-Rel product designation is in 
accordance with MIL-M-38510, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 


J j A four-digit data code, indicating year and week of seal, is maked on /883B Hi-Rel product designations. 
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TABLE I. Electrical Performance Characteristics. 

All characteristics at -55°C < Ta < +125°C» ±Vtx - 15VDC, unless otherwise specified. 



To ground 


f = 0Hz, No load 



Unity gain Ta = 25“C 

-55°C < Ta ^ +I25“C 
Ta = 25°C 
Ta = 25“C 

-55 H C ^ Ta < +I25°C 




Bias current 

Bias current temperature 
sensitivity 


Offset current 
Offset current temperature 
sensitivity 


Power supply rejection 
Common-mode voltage 
range 

Common-mode rejection 
Impedance 


Noise voltage 
Noise, current 


25 'C ^ T A ^ +85 C 
55°C < T a ^ +I25 H C 


Ta = 25 C 

-25 ’C ^ T a < +85"C 
-55“C ^ T a ^ +I25°C 


■MiHi 



TEMPERATURE RANGE (ambtont) 


Operating 

Storage 


Notes: 

*Specifications the same as 3500R/MIL. 


TABLE II. Electrical Test Requirements. 

(The individual tests within the subgroups appear in Table III.) 


^^^modelS^ 

3500R/M1L 

3500R/883B 

3500U/883B 

MIL-8TD-M3 TmI Raqukwiwnt (cJms B) 

SUBGROUPS (see Table 111) ! 

Interim electrical parameters (pre burn-in X method 5004) 

1 

1 

Final electrical test parameters (method 5004) 

1* 2. 4. 5, 6 

* 1,2A,4,5,6 

Group A test requirements (method 5005) 

1,2, 4, 5, 6 


G roups C and Dend point electrical parameters (method 5005) 

Table IV delta limits and limits 

— 

Additional electrical subgroups for group C inspections 

7 

- 


*PDA applies to subgroup I (see 4.3d) 
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TABLE HI. Group A Inspection 






Limits 


Subgroup 

Symbol 

M1L-STD-883 
method or 

Conditions 
±V« = 15V 

3500R/M1L 

3500R/883B 


Units 



equivalent 

unless otherwise specified 

Min 

Max 

KH3H 

Max 


1 

V,o 

4001 



±5 


±5 

mV 

T a = 25°C 

Ih 

4001 



±30 



nA 


1.0 

4001 



±30 



nA 


lo 

4005 



±3.5 


±3.5 

mA 


CMR 

4003 

Vcm = ±I0V 

90 


90 


dB 

2 

AVio/AT 

4001 



±20 



/*V/"C 

T a = +I25“C 

AIb/AT 

4001 



±1.5 


■ 

nA/"C 

to 

Ta = -55°C 

AIio/AT 

4001 



±1.5 


II 

nA/”C 

2A 

AVio/AT 

4001 





±20 

mV/T 

Ta - +85°C 

AI.h/AT 

4001 





±1.0 

nA/“C 

to 

Ta = -25" C 

A!o/AT 

4001 





±1.0 

nA/"C 

4 

Avs 

4004 

f = 0Hz, no load 

93 




dB 

Ta = 25“C 

SR 

4002 


0.6 




V/iisec 

5 

Avs 

4004 

f = 0Hz, no load 

93 


93 


dB 

T a = +I25°C 

SR 

4002 

G = +1, AV„ = 10V, Ri = Ikll 

0.4 


0.4 


V/^sec 


Avs 


f = 0Hz, no load 





dB 

■ 

SR 


G = +1, AV„ = 10V, R, = Ikn 





V/nsec 

7 

e„ 


0.3Hz to 10Hz 


3 



pV. p-p 

Ta = 25"C 



lOHzto 10kHz 


2 



n\, rms 


in 


0.3 Hz to 10Hz 





pA. p-p 




lOHzto 10kHz 


100 



pA, rms 


TABLE IV. Groups C and D, End Point Electrical Parameters 
(T a = +25°C, ±Vcc = 15, Vcm = 0V) 


Test 

Limit 

Delta 

V,o 

±5mV 

±2.5mV 

I IB 

±36nA 

±30nA 


4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samplin g and inspection. Sampling and inspection procedures are in accordance with M1L-M-38510 and 
MIL-STD-883, method 5005 except as modified herein. 

4.2 Q ualification. Qualification is not required unless specifically required by contract or purchase order. 

Burr-Brown has performed and successfully completed qualification inspection as described below. The qualification 
report is available from Burr-Brown. 

When so required, qualification will be in accordance with the inspection routine of MIL-M-38510, paragraph 4.4.2. 1. 
The inspections to be performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4. 1 , 
4.4.2, 4.4.3, and 4.4.4). 
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4.3 Screenin g. Screening is in accordance with M I L-STD-883, method 5004, class B, and is conducted on all devices prior 
to qualification and quality conformance inspection. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition D, Yi axis only. 

b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 
optional at the discretion of the manufacturer. 

c. Burn-in test (MIL-STD-883, method 1015) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 3 herein 

(3) T a = +125°C minimum 

(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for the / MIL Hi-Rel product designation only, is 10 percent based 
on failures from group A, subgroup 1 test after cool-down as final electrical test in accordance with M I L-STD-883, 
method 5004, and with no intervening electrical measurements. If interim electrical parameter tests are performed 
prior to burn-in, failures resulting from preburn-in screening failures may be excluded from the PDA. If interim 
electrical parameter test prior to burn-in are omitted, all screening failures shall be included in the PDA. The 
verified failures of group A, subgroup I after burn-in in that lot are used to determine the percent defective for that 
lot, and the lot is accepted or rejected based on the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 



FIGURE 3 Test Circuit, Burn-in and Operating Life Test. 



4.4 Q uality conformance inspection. Groups A and B inspections of M I L-STD-883, method 5005, are performed on each 
inspection lot. Groups C and D inspections of M I L-STD-883, method 5005, are not required unless specified by contract 
or purchase order. 

Burr-Brown periodically performs groups C and D inspections of MIL-STD-883, method 5005. A report of the most 
recent groups C and D inspections is available from Burr-Brown. 

4.4. 1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in M 1 L-STD-883, 
method 5005, Table 1, and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Grou p B inspection. Group B inspection consists of the test subgroups and LTPD values shown in M 1 L-STD-883, 
method 5005, Table II (class B). 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in M I L-STD-883, 
method 5005, Table III, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 3 herein 

(3) Ta = 125°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

c. Additional electrical subgroups are specified in Table II herein. 
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4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in M 1 L-S I D-883, 
method 5005, Table IV, and as follows: 
a. End point electrical parameters are specified in Table IV herein. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of M1L-STD-883. 

4.5: 1 Volta g e and current. All voltage values given, except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when- 
flowing into the referenced terminal. 

4.6 Inspection of pre paration for deliver y. Inspection of preparation for delivery is in accordance with M IL-M-385 10, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation-packa ging and packin g. Microcircuits are prepared for delivery in accordance with M IL-M-385 10. 

6. NOTES 

6.1 Notes. The notes specified in M IL-M-385 10 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Orderin g data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1.2) 

b. Requirement for certificate of compliance, if desired. 

6.4 Substitutabilit y. Mircocircuits furnished under this specification are similar to Burr-Brown model 3500. 

6.5 Microcircuit g roup assi g nment. These mircocircuits are assigned to Technology Group D as defined in M1L-M- 
38510, Appendix E. 

6.6 Electrostatic sensitivit y. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 




NO I F: 

l eads in true position within 0.10" 
(25mm) R at MMC at seating place. 

Pin numbers shown lor reference onl\. 
Numbers ma\ not be marked on package. 
Weight: 3 grams max. 


■ 

INCHES 

WSMSSESm 

fgSBM 

02030 

mam 

I2Q00 

A 

09990 

.370 

8.51 

9.40 

B 

.305 

.335 

7.75 

8.51 

C 

165 

.185 

4.19 

4.70 

D 

.016 

021 

0.41 

0.53 

E 

BOB 

040 

0.25 

1.02 

F 

.010 

ksb 

0.25 

OOGEOI 

G 


5.08 BASIC 

H 

bob 

.034 

0.71 

0.86 

J 

bsb 

045 

0.74 

1.14 

K 

B5B 


12.7 


L 


160 

2.79 


M 

45° BASIC 

45° BASIC 

N 

.095 

.105 

2.41 | 2.67 


(TO-99 Package Configuration). 
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7. ELECTRICAL PERFORMANCE CURVES. 

( Typical at l\ = +25"C and ±V< ( = I5VDC unless otherwise specified). 


INPUT BIAS CURRENT vs. 
TEMPERATURE 



-50 -25 0 25 50 75 100 125 


RMS INPUT NOISE VOLTAGE vs. 
SOURCE RESISTANCE 



Ik 10k 100k 1 M 


Temperature °C' 


Source Resistance 1 12 > 


OPEN-LOOP FREQUENCY 
RESPONSE 



Frequency i Hz 


OUTPUT VOLTAGE vs. 
FREQUENCY 



Ik 10k 100k 1 M 


Frequency iHzi 


VOLTAGE GAIN vs. 



0 4 8 12 16 20 

Supply Voltage i±Vi 


OUTPUT VOLTAGE vs. 
OUTPUT CURRENT 


±V CC = 20V 

E~ 



~ Ti-V 


BSS 

B 

■ 

1 



■ 

K 

<_ 

S- 

<N 

F 

t 

flMuB 

p 


BfflBcgjgl 1 

3 

9 




5 10 15 20 25 30 

Output Current > mA> 


COMMON-MODE REJECTION vs. 
FREQUENCY 



1 10 100 Ik 10k 100k 10M 


COMMON-MODE RANGE vs. 



Frequency iHz> 


Supply Voltage i±V> 


P-P INPUT NOISE VOLTAGE vs. 
SOURCE RESISTANCE 



Ik 10k 100k 1 M 


Source Resistance 11 


VOLTAGE FOLLOWER 
STEP RESPONSE 



0 10 20 30 40 50 60 

Time (/usee ) 

OUTPUT VOLTAGE vs. 



Supply Voltage i±Vi 


POWER SUPPLY REJECTION vs. 
FREQUENCY 



Frequency 
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8. APPLICATIONS INFORMATION 

8.1 Offset Adjustment. The input offset voltage of the Model 3500 may be adjusted to zero by connecting a 50kH 
potentiometer between pins 1 and 5 with the wiper arm connected to negative supply (Figure 5a). This provides an 
adjustment range of approximately ±10mV. This offset control is optional and may be omitted if the specified offset is 
considered sufficiently low. 

Adjustment of the input offset voltage of the 3500 will affect the voltage drift to some extent. A rough “rule-of-thumb” is 
±3 /liV/°C change of drift for each 1 .OmV of offset adjustment. This is true of other IC op amps, such as the 741 , 10 1 , etc., 
but is usually masked by the greater drift of these units. H owever, in low drift amplifiers, this effect must be considered. By 
use of a transistor as in Figure 5b the effect of the offset adjustment on drift can be substantially reduced (by 
approximately a factor of six). 



FIGURE 5. Offset Adjustment Techniques. 


8.2 Bias Current Effects. Input bias current of the amplifier creates additional offset voltages by flowing in the 
impedances of the signal source and the feedback network. Although the bias currents of the 3500 are quite small, their 
effects may be appreciable when these impedances are large. The bias currents at the two inputs tend to be equal and the 
difference current smaller than either. Thus equalizing the resistance from each input to common, as in Figure 6, is an 
effective means of reducing DC offset due to bias current. 



FIGURE 6. Minimization of Bias Current Effects. 


8.3 O peration on a Sin g le Su pply. Although virtually any op amp can be operated on a single supply if input and output 
voltage limitations are observed, the Model 3500 is particularly suitable for such use. Its wide supply range of ±3VDC to 
±20VDC translates to a single supply operating range of 6VDC to 40VDC, plus or minus. Two possible modes of 
operation on a single supply are shown in Figure 7. The following conditions must be observed to keep the amplifier 
within its linear region of operation. 

1 ) +2 < Vo < ( Vcc -2) 

2) +3 < V in < (Vcc -3). Figure 7b. 

When operating on a single supply (+Vcc), shorting the output to common is equivalent to a short to supply and the 
internal power dissipation is approximately twice that which occurs for a short to common with balanced supplies of 
±(Vcc/2). This dissipation may exceed safe limits for single supply voltages greater than 20V and must be prevented by 
use of a series limiting resistor or other device, if short circuit protection is desired. 
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FIGURE 7. Operation on a Single Supply. 

8.4 Wirin g Precautions. In order to prevent high frequency oscillations due to lead inductance the power supply leads 
should be bypassed. This should be done by connecting a 10/uF tantalum capacitor in parallel with a 0.00 1 jxF ceramic 
capacitor from pins 7 and 4 to the power supply common. 

8.5 Ty pical A p plications? 



The information in this publication has been carefully checked and is believed to be reliable; however, no responsibility is assumed for possible inaccuracies or omissions. 
Prices and specifications are subject to change without notice. No patent rights are granted to any of the circuits described herein. 
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3510VM/MIL 

REV. NONE 
NOVEMBER, 1978 
Amendment 1 incorporated 
April, 1979 


DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
OPERATIONAL AMPLIFIER 
MONOLITHIC, SILICON 

1. SCOPE 

1.1 Scope. This specification covers the detail requirements for a monolithic, low offset voltage drift, integrated 
circuit operational amplifier. 

1.2 Part number. The complete part number is as shown below. 

3510 V M 

Basic model Grade Metal 

number package 

1.2.1 Device t ype. The device is a single, operational amplifier. 

1.2.2 Device class . The device class is similar to the product assurance level class B, as defined in MIL-M-38510. 

1.2.3 Case outline. The case outline (8-lead can) is as defined in Figure 5. The case is metal and is 
conductive. 


±20VDC 
±20VDC 1 / 

±40VDC i/ 

-65°C to +150°C 
Unlimited 2 / 

300°C 
Tj = 175°C 

J J The absolute maximum input voltage is equal to the supply voltage. 

2 J Short circuit may be to ground only. Rating applies to +135°C case temperature or +50°C ambient temperature at 
±15VDC supply voltage. 

International Airport Industrial Park - P.0. Box 1 1400 - Tucson. Arizona 85734 - Tel. (602) 746-1 1 1 1 - Twx: 910-952-1 1 1 1 - Cable: BBRC0BP - Telex: 66-6491 

PDS-410A 


1.2.4 Absolute maximum ratin gs. 

Supply voltage range 
Input voltage range 
Differential input voltage range 
Storage temperature range 
Output short-circuit duration 
Lead temperature (soldering, 60sec) 
Junction temperature 



/ MIL 



Hi-Rel product 
designator 


BURR -BROWN® 
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1-2.5 Recommended operating conditions. 

Supply voltage range ±3 VDC to ±20VDC 

Ambient temperature range -55°C to +125°C 

1.2.6 Power and thermal characteristics . 

Maximum allowable Maximum Maximum 

Package Case outline power dissipation 0 J-C 6 J-A 

8-lead can Figure 5 225mW at T A = 125°C 70°C/W 220°C/W 

2. APPLICABLE DOCUMENTS 

2. 1 The following documents form a part of this specification to the extent specified herein. 
SPECIFICATION 

MILITARY 

MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 

MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3. 1 General . Burr-Brown uses production and test facilities and a quality and reliability assurance program 
adequate to assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference 
documents. 

3.1.2 Country of manufacture . These microcircuits are manufactured, assembled, and tested within the United 
States of America. 

3.2 Desi gn, construction , and ph ysical dimensions . 

3.2. 1 Packa ge, metals , and other materials . The package is in accordance with paragraph 3.5. 1 of MIL-M-385 10. 
The exterior metal surfaces are corrosion resistant. The other materials are nonnutrient to fungus as specified in 
MIL-M-38510. 

3.2.2 Desi g n documentation . The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in 
accordance with MIL-M-38510. 

3.2.4 Lead material and finish . The lead finish is gold plate. The lead material and finish is solderable per 
MIL-STD-883, method 2003. 

3.2.5 Die thickness . The die thickness is in accordance with MIL-M-38510. 

3.2.6 Physical dimensions . The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.7 Circuit dia g ram and terminal connections . The circuit diagram and terminal connections are shown in 
Figure 1. 



FIGURE 1. Terminal Connections. 
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3.2.8 Schematic circuit. The schematic circuit is shown in Figure 2. 



FIGURE 2. Schematic Circuit. 


3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of -55°C to +125°C, unless otherwise specified. 

3.3. 1 Offset and g ain error null. The amplifier is capable of being nulled to zero offset voltage using the circuit in 
Figure 3. 



3.3.2 Frequency compensation. The amplifier is free of oscillation when operated at a gain of 10 or greater with no 
external compensation and a source resistance of ^10kO and when operated in any test condition specified herein. 

3.4 Electrical tests. Electrical tests are shown in Table III. The subgroups of Table III and limits of Table IV, which 
constitute the minimum electrical tests for screening, qualification, and quality conformance, are shown in 
Table II. 

3.5 Markin g. Marking is in accordance with MIL-M-385 10. The following marking is placed on each microcircuit 
as a minimum. 

a. Part number (see paragraph 1.2) 

b. Inspection lot identification code 

c. Manufacturer’s identification 

d. Manufacturer’s designating symbol 

e. Country of origin 


7-86 



Characteristics 


Input offset voltage 


Input offset voltage 
temperature sensitivity 
(unnulled Vio) 


Input offset current 


Input offset current 
temperature sensitivity 


Input bias current 


Input bias current 
temperature sensitivity 


Power supply 
rejection ratio 


Power supply 
rejection ratio 


Input voltage 
common-mode rejection 


Adjustment for 
input offset voltage 


Output short circuit current 
(for positive output) 


Output short circuit current 
(for negative output) 


DC power dissipation 
(quiescent) 


Single-ended input impedance 
(noninverting input) 


Single-ended input impedance 
(inverting input) 


Output voltage swing 
(maximum) 


Open-loop voltage gain 
(single-ended) J J 


Open-loop voltage gain 
(single-ended) I J 


Bandwidth, unity gain, 
small signal 


Slew rate 


Bandwidth, full power 


Input noise voltage 


Input noise current 


TABLE I. Electrical Performance Characteristics. 


Conditions 

(±V C c = 15V, unless otherwise specified) 






SR (±) Vour = ±10V,R L = lkn,A =+10,TA = 25 o C 


Vour = ±10V, R l = lkft,A =+10, Ta = 25°C 2] 




0.1 Hz to 10Hz 

T a = 25°C 

fo = IkHz 



_1 J Note that gain is not specified at Vio adj extremes. Some gain reduction is usually seen at Vio adj extremes. 
2 / This parameter is untested. It is guaranteed by the slew rate test. 


3.6 Workmanship . These microcircuits are manufactured, processed, and tested in a careful and workmanlike 
manner. Workmanship is in accordance with good engineering practices, workmanship instructions, inspection 
and test procedures, and training, prepared by Burr-Brown in fulfillment of the product assurance program. 


3.6.1 Rework provisions . Rework provisions, including rebonding, are in accordance with MIL-M-38510. 
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TABLE II. Electrical Test Requirements. 


MIL-STD-883 test requirement (class B) 

Subgroups (see Table III) 

Interim electrical parameters (pre bum-in)(method 5004) 

1A 

Final electrical test parameters (method 5004) 

1A*, 2A, 3 A, 4A 

Group A test requirements (method 5005) 

1A, 2A, 3 A, 4A, 7 

Groups C and D end point electrical parameters (method 5005) 

Table IV delta limits and limits 

Additional electrical subgroups for group C inspections 

1C, 2C, 3C, 4C, 5, 6 


♦PDA applies to subgroup 1A (see 4.3.c) 



NOTES: 

\] Due to significant power dissipation and associated device heating, these tests shall always be the last tests performed in any given sequence, followed by 
operational verification. 

2J The five second minimum test duration for Ios test shall apply only for group A sampling inspections. For screening final electrical test, test duration for Ios 
may be reduced to be consistent with automated test procedures. 

3J This parameter is untested. It is guaranteed by the conditions of the slew rate test. 
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TABLE IV. Groups C and D, End Point Electrical Parameters. 
,(T a = 25°C, ±Vcc = 15, Vcm = QV) 


Test 

Limit 

Delta 

Vio 

±180/zV 

±60 M V 

IlB 

±45nA 

±20nA 

Iio 

±17.5nA 

±2.5nA 


3.7 Traceabilit y. Traceability is in accordance with MIL-M-385 10. Each microcircuit is traceable to the production 
lot and to the component vendor’s component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process chan ge. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing processes which may affect the performance, quality, reliability or 
interchangeability of the microcircuit without full or partial requalification. 

3*9 Screenin g. Screening is in accordance with method 5004 of MIL-STD-883, class B, except as modified in 
paragraph 4.3 herein. All microcircuits will have passed the screening requirements prior to qualification or 
quality conformance inspection. 

3.10 Q ualification. Qualification is not required. See paragraph 4.2 herein. 

3.11 Q ualit y conformance inspection . Quality conformance inspection is in accordance with MIL-M-385 10, 
except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have passed quality conformance 
inspection prior to microcircuit delivery. 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samplin g and inspection. Sampling and inspection procedures are in accordance with MIL-M-385 10 and 
method 5005 of MIL-STD-883, except as modified herein. 

4.2 Q ualification. Qualification is not required unless specifically required by contract or purchase order. When so 
required, qualification will be in accordance with the inspection routine of MIL-M-385 10, paragraph 4.4.2. 1. The 
inspections to be performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4.1, 
4.4.2, 4.4.3, and 4.4.4). 

Burr-Brown has performed and successfully completed qualification inspection as described above. The 
qualification report is available from Burr-Brown. 

4.3 Screenin g. Screening is in accordance with method 5004 of MIL-STD-883, class B, and is conducted on all 
devices prior to qualification and quality conformance inspection. The following additional criteria apply: 

a. Interim and final electrical test parameters are specified in Table II. The interim electrical 
parameters test prior to bum-in is optional at the discretion of the manufacturer. 

b. Burn-in test (method 1015 of MIL-STD-883) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 4 herein 

(3) Ta = 125°C minimum 

(4) Test duration is 160 hours minimum 

c. Percent defective allowable (PDA). The PDA is 10 percent based on failures from group A, subgroup 1 A 
test after cooldown as final electrical test in accordance with method 5004 of MIL-STD-883, and with no 
intervening electrical measurements. If interim electrical parameter tests are performed prior to burn-in, 
failures resulting from pre bum-in screening may be excluded from the PDA. If interim electrical 
parameters tests prior to bum-in are omitted, then all screening failures are included in the PDA. The 
verified failures of group A, subgroup 1 A after burn-in in that lot are used to determine the percent 
defective for that lot, and the lot is accepted or rejected based on the PDA. 

d. External visual inspection need not include measurement of case and lead dimensions. 
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FIGURE 4. Test Circuit, Bum-in and Operating Life Test. 

4.4 Q uality conformance inspection . Groups A and B inspections of method 5005, MIL-STD-883, are conducted 
on each inspection lot. Groups C and D inspections of method 5005, MIL-STD-883, are not required unless 
specifically required by contract or purchase order. 

Burr-Brown periodically performs groups C and D inspections of method 5005, MIL-STD-883. A report of the 
most recent groups C and D inspections is available from Burr-Brown. 

4.4. 1 Grou p A inspection . Group A inspection consists of the test subgroups and LTPD values shown in Table I of 
method 5005 of MIL-STD-883 and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Grou p B inspection. Group B inspection consists of the test subgroups and LTPD values shown in Table II 
(class B) of method 5005 of MIL-STD-883. The package does not contain a desiccant and, therefore, the internal 
water vapor content test is not required. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in Table III 
of method 5005 of MIL-STD-883 and as follows: 

a. Steady state life test (method 1005 of MIL-STD-883) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 4 herein 

(3) T a = 125°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table IV herein. 

4.4.4 Grou p D inspection. Group D inspection consists of the test subgroups and LTPD values shown in Table IV 
of method 5005 of MIL-STD-883 and as follows: 

a. Internal water-vapor content test is not required. 

b. End point electrical parameters are specified in Table IV herein. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. 
Electrical test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5.1 Volta g e and current. All voltage values given, except the input offset voltage (or differential voltage) are 
referenced to the external zero reference level of the supply voltage. Currents given are conventional current and 
positive when flowing into the referenced terminal. 

4.6 Ins pection of pre paration for deliver y. Inspection of preparation for delivery is in accordance with 
MIL-M-38510, except that the rough handling test does not apply. 
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5. PREPARATION FOR DELIVERY 


5-1 Preservation-packa ging and packin g. Microcircuits are prepared for delivery in accordance with 
MIL-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use 
of screened parts is desirable. 

6.3 Orderin g data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1.2). 

b. Requirement for certificate of compliance, if desired. 

6.4 Substitutabilit y. Microcircuits furnished under this specification are similar to Burr-Brown model 3510. 




NOTE: 

Leads in true position within .010" 
(.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 


Weight: 3 grams max. 
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FIGURE 5. Case Outline (TO-99 Package Configuration). 
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4213/MIL SERIES 



MODEL NUMBERS: 

421 3WM/883B 4213VM/MIL 


421 3WM 

4213UM/883B 
421 3UM 


4213VM/883B 
3B 421 3VM 

REVISION A 
NOVEMBER, 1981 


Military 

MULTIPLIER -DIVIDER 


FEATURES 

• HI REL MANUFACTURE 

• ACCURATE 

±1/2% TOTAL ERROR (W grade) 
±1% TOTAL ERROR (V and U grades) 

• 4-QUADRANT MULTIPLICATION 

2-QUADRANT DIVISION 


• NO EXTERNAL COMPONENTS NECESSARY 

• DIFFERENTIAL INPUT 

• MIL-STD-883B SCREENING 

• -55°C TO +125°C SPECIFICATIONS 


DESCRIPTION 

The 4213/ MIL Series is a high performance, pre- 
cision multiplier/ divider with a total full scale error 
of ±1/2% or ±1%. It is intended for transducer and 
analog computation applications; it will also square, 
square root, and perform trigonometric computa- 
tions. It has differential inputs and is ideal for 
instrumentation applications. The operating range is 
-55°C to +125°C. The 4213/ MIL is a hybrid micro- 
circuit consisting of a monolithic bipolar IC and a 
precision laser-trimmed thin-film network. It is as- 
sembled into a hermetic TO- 100 (10-lead can). 
These devices are manufactured on a separate Hi-Rel 
manufacturing line with impeccable clean room 
conditions which assures “built-in” quality and pro- 
vides for a long product life. 

The 4213 / MIL Series is available in three electrical 
performance grades. The W grade features premium 
accuracy (±1/2% total error, ±50mV feedthrough, 
and ±25mV offset error). The V grade features ±1% 
total error, ±100mV feedthrough, and ±30mV offset 


error. The U grade has excellent performance from 
-25°C to +85°C and is also specified from -55°C to 
+125°C. U grade applications include test equipment, 
shipboard, ground support, and industrial applica- 
tions where operation is normally between -25°C and 
±85°C and full temperature operation must be 
assured. 

Three product assurance levels are available: stan- 
dard, / 883B, and / MIL. The standard models have 
many MIL-STD-883 screens performed routinely. 
The / 883B suffixed devices are 100% screened per 
MIL-STD-883 method 5008 hybrid class (class B). 
/MIL suffixed devices feature Hi-Rel manufacture, 
100% screening per MIL-STD-883 method 5008 
hybrid class, and a 10% PDA. Quality assurance 
further processes / MIL devices, performing group A 
and B inspections on each inspection lot and group C 
and D inspections periodically and when specified on 
the customer’s purchase order. A report containing 
the most recent group A, B, C, and D tests is 
available for a nominal charge. 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DETAILED SPECIFICATION 
MICROCIRCUITS, LINEAR 
MULTIPLIER 
HYBRID, SILICON 


1. SCOPE 

LI Scope. This specification covers the detail requirements for a precision, integrated circuit multiplier. 

1.2 Part Number. The complete part number is as shown below. 


4213 

V 

M 

/MIL 

T 

I 

I 



Basic, model 

Grade 

Metal 

Hi-Rel product 

number 

(see 1.2.1) 

package 

designator 
(see 1.2.2) 


1 .2. 1 Device t ype. The device is a single, four-quadrant, analog multiplier; it will also function as a single, two-quadrant, 
analog divider, a squarer, a square rooter, etc. (see paragraph 8.3). Three electrical performance grades are provided. The 
W grade features premium accuracy of ±1/2% total error, ±50mV feedthrough and ±25mV offset error. The V grade 
features ±1% total error, ±100mV feedthrough and ±30mV offset error. The U grade features excellent performance 
from -25°C to +85°C and guarantees performance from -55°C to +125°C. 

Electrical specifications are shown in Table I. Electrical tests are shown in Tables II and III. 

1.2.2 Device Class. The device class is similar to the hybrid class (class B) product assurance level, as defined in 
MIL-M-38510. The Hi-Rel product designator portion of the part number distinguishes the product assurance level as 
follows: 

Hi-Rel product 

designator Requirements 

/MIL Standard model, plus 100% MIL-STD-883 hybrid class screening, with 

10% PDA, plus quality conformance inspection (QCI) consisting of 
Groups A and B performed on each inspection lot, plus Groups C and D 
performed initially and periodically thereafter. 

/883 Standard model, plus 100% MIL-STD-883 hybrid class screening. 

(none) Standard model, including 100% electrical testing. 

1.2.3 Case outline. The case outline is A-2 (10-lead can, TO-100) as defined in MIL-M-38510, Appendix C. The case is 
metal and is conductive. 

1.2.4 Absolute maximum ratin gs. 


Supply voltage range 

Input voltage range (X, Y, and Z inputs) 

Differential input voltage (X, Y, and Z inputs) 

Storage temperature range 

Output short-circuit duration 

Lead temperature (soldering, 60sec) 

Junction temperature 


±20VDC 
±20VDCiy 
±40VDC l j 
-65°C to +150°C 
Unlimited 2 / 
300°C 
Tj = 175°C 


J J The absolute maximum input voltage is equal to the supply voltage. 

2 j Short circuit may be to ground only. Rating applies to +125°C case temperature or +75°C ambient temperature at ±15VDC supply voltage. 
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1.2.5 Recommended operatin g conditions. 

Supply voltage range ±8.5VDC to ±20VDC 

Ambient temperature range -55° C to + 125°C 

Input voltage range (±Vcc = 15VDC) ±10VDC 

1.2.6 Power and thermal characteristics. 

Maximum allowable Maximum Maximum 
Package Case outline power dissipation 6 J-C 6 J-A 

10-lead can (TO-lOO) A^2 225mW at T A = 125°C 70°C/W 220°C/W 

2. APPLICABLE DOCUMENTS 

2. 1 The following documents form a part of this specification to the extent specified herein. 

SPECIFICATION 

MILITARY 

MIL-M-38510 - Microcircuits, general specification for. 

STANDARD 

MILITARY 

MIL-STD-883 - Test methods and procedures for microcircuits. 

3. REQUIREMENTS 

3. 1 General. Burr-Brown uses production and test facilities and a quality and reliability assurance program adequate to 
assure successful compliance with this specification. 

3.1.1 Detail specifications. The individual item requirements are specified herein. In the event of conflicting 
requirements, the order of precedence will be the purchase order, this specification, and then the reference documents. 

3.1.2 Country of manufacture. These microcircuits are manufactured, assembled, and tested within the U nited States of 
America. 

3.2 Desi g n, construction, and ph ysical dimensions. 

3.2. 1 Packa g e, metals, and other materials. The package is in accordance with paragraph 3.5. 1 of MIL-M-385 10, except 
that organic and polymeric materials are used for die attach. The exterior metal surfaces are corrosion resistant. The 
other materials are nonnutrient to fungus as specified in MIL-M-38510. 

3.2.2 Design documentation. The design documentation is in accordance with MIL-M-38510. 

3.2.3 Internal conductors and internal lead wires. The internal conductors and internal lead wires are in accordance with 
MIL-M-38510. 

3.2.4 Lead material and finish. The lead material is kovar type (type A). The lead finish is gold plate with nickel 
underplating. The lead material and finish is in accordance with MIL-M-38510 and is solderable per MIL-STD-883, 
method 2003. 

3.2.5 Glassivation. The dice utilized are glassivated. 

3.2.6 Die thickness. The die thickness is in accordance with MIL-M-38510. 

3.2.7 Physical dimensions. The physical dimensions are in accordance with paragraph 1.2.3 herein. 

3.2.8 Circuit dia g ram and terminal connections. The circuit diagram and terminal connections are shown in Figure 1 . 



10 laid can {TOP VIEW) 

FIGURE 1. Functional Circuit Diagram and Terminal Connections. 
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3.3 Electrical performance characteristics. The electrical performance characteristics are as specified in Table I and 
apply over the full operating ambient temperature range of -55°C to +125°C, unless otherwise specified. 


TABLE I. Electrical Performance Characteristics. 

All characteristics Ta = -55°C to +125°C, ±Vcc = 15VDC, unless otherwise noted. 


CHARACTERISTICS 


ACCURACY 



LIMITS 


4213VM/MIL 
4213VM/883B 
421 3 VM 


B T T171Ki7JrTTl I’ FT? 1 1 



4213UM/883B 

4213UM 


Total Error 

Et 

Feedthrough 

X Input 

FTx 

Y Input 

FTy 

Nonlinearity 

X Input 

Y Input 

LINx 

LINy 

INPUT 

Input Resistance 

Input Bias Current 

Rin 

Iib n 

Input Voltage Range 
Common-mode Rejection 

Vin 

CMR 


DYNAMIC CHARACTERISTICS 

Small Signal Bandwidth 
±3dB BV 

Bandwidth 

±1 flatness BV 

Full Power Bandwidth BV 

Slew Rate J 

OUTPUT 


Output Voltage V 

Output Resistance F 

Output Noise 

Output Offset Error 1/ V 


Output Offset Error 
Temperature Sensitivity 
Short Circuit Current 


POWER SUPPLY 

Power Supply Range 
Power Dissipation, 
Quiescent 


Vx = 20V, p-p 
Vy = 0, f = 50Hz 
Vx =0, f = 50Hz 
Vy = 20 V, p-p 


Each quadrant Ta = +25°C 

-25° C to +85° C 
Ta = -55° C 

Ta = +125°C 

Vx = 20V, p-p Ta = +25° C 

Vy = 0, f = 50Hz -55° C to +1 25°C 
Vx = 0, f = 50Hz Ta = +25°C 
Vy = 20V, p-p -55° C to +125°C 

Vx = 20V, p-p, V Y = ±10V T A = +25°C 
Vy = 20V, p-p, Vx = ±10V Ta = +25°C 

X, Y, Z inputs, pin 9 open 

X, Y, Z inputs Ta = +25°C 

-55° C to +125°C 

Rated Operation 
+10V, -6V 


X and Y inputs Ta = +25° C 450 550 

X and Y inputs Ta = +25°C 70 

Ta = +25°C 130 

X and Y inputs Ta = +25°C 20 


RL = 2kn,CL = 1000pF 
Closed loop 

' Ta = +25° C 1 1Hz to 10kHz 

1 1Hz to 10MHz 

Ta = +25°C 
-25° C to +85° C 
-55°C to +125°C 
-25° C to +85°C 
-55° C to +125°C 
Ta = +25° C 
-55° C to +125°C 


Ta = +25° C 
-55°C to +1 25° C 


TEMPERATURE RANGE (AMBIENT) 


Operating 

Storage 


‘Specifications same as 421 3WM 
NOTE: 

y Externally adjustable to zero. 


30 

25 

50 

100 

40 

80 


30 

25 

100 

200 

80 

180 



100 

200 

80 

180 

0.08 

0.01 






* 




10 





1 • 




10 

1.5 

10 


200 


1000 


25 


100 


1.0 

5 

20 

5 

30 


* 

* 

* 



: 



30 

100 

1.0 



* 


150 180 

225 


* 

* 

* 



: 



50 

100 

200 

1.7 

2.0 



* 


±% of FSR 
±% of FSR 
±% of FSR 
±% of FSR 

±mV, p-p 
±mV, p-p 
±mV, p-p 
±mV, p-p 

±% of FSR 
±% of FSR 



-55 

+125 

-65 

+150 


3.3.1 Additional electrical performance characteristics. Electrical performance curves are shown in paragraph 7. 

3.3.2 Transfer functions. The transfer functions for multiplier and divider connections are shown in Figure 2. 
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-10V <£(X r X 2 K -0.2V c h 


FIGURE 2. Transfer Functions. 


3.3.3 Output offset error null. The multiplier is capable of being nulled to zero offset error using the circuit in Figure 3. 



3.4 Electrical tests. Electrical test requirements are specified in Table II. The subgroups of Table III and limits of Table 
IV, which constitute the minimum electrical tests for screening, qualification, and quality conformance, are shown in 
Table II. 


TABLE II. Electrical Test Requirements. 

(The individual tests within the subgroups appear in Table III) 


.MODELS 

MIL-STD-883 TEST REQUIREMENTS (HYBRID CLASSp' 

4213WM/883B 
421 3WM 

4213VM/MIL 

4213VM/883B 
421 3VM 

4213UM/883B 

4213UM 


Subgroups {see Table III) | 

Interim electrical parameters ( pre burn-in) (method 5008) 

1 

1 

1 

1 

Final electrical test parameters (method 5008) 

1.2. 3, 4, 5,6 

r, 2, 3, 4, 5. 6 

1,2,3, 4, 5,6 

1,2U,3U, 4, 511,611 

Group A test requirements ( method 5008) 

- ' 

1,2, 3, 4, 5, 6, 4A 

~ 

~ 

Group C end point electrical parameters ( method 5008) 

- 

Table IV limits 
and delta limits 



Additional electrical subgroups performed prior to Group C inspections 

“ 

1C,2C,3C,5C,6C,7C 


" 


*PDA applies to subgroup 1 (see 4.3.d) 
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CONDITIONS 


PARAMETER 

±V C c = 15VDC, pin 9 open 

SUBGROUP 

SYMBOL 

unless otherwise specified 


ic 

Ta = +25° C 


Ta = +125°C 
2U 

Ta = +85° C 
2C 

Ta = +125°C 


Ta - -55° C 
3U 

Ta = -25° C 
3C 

Ta = -55° C 


4213 

V GRADE 


Xi Input 

X = Y = +10V to -6V 



Xi Input 

AVoo Voo (+125°C) -Voo (+25°C) 
AT 100°C 

X = Y = +10V to -6V 


Xi Input 

AVOO Voo (-55°C) -Voo (+25°C) ' 
AT 80° C 


X = Y = +10V to -6V 


ii 

+ 4*. 
eg 

O 

Et 

FTx 

FTy 

Each quadrant 

X = 20V, p-p; Y = 0; f = 50Hz 

X = 0; Y = 20V, p-p; f = 50Hz 

4A 

Ta = +25° C 

VOM 

Rl = 2kn, CL = 1000pF 

5 

Ta = +125°C 

Et 

Each quadrant 

5U 

Ta = +85° C 

Et 

Each quadrant 

5C 

VOM 

Rl = 2kH, Cl = 1000pF 

Ta = +125°C 

FTx 

X = 20V, p-p; Y = 0; f = 50Hz 


FTy 

X = 0; Y = 20 V, p-p; f = 50Hz 

6 

Ta = -55° C 

Et 

Each quadrant 

6U 

Ta = -25° C 

Et 

Each quadrant 

6C 

VOM 

Rl = 2kfl, Cl = lOOOpF 

Ta = -55° C 

FTx 

X = 20V, p-p; Y = 0; f = 50Hz 


FTy 

X = 0; Y = 20 V, p-p; f = 50Hz 

7C 

BWi% 

X = 20 V, p-p; Y = 10V 

Ta = +25°C 

BWi% 

X = 10V; Y = 20V, p-p 


SR 

X = +20V-step; Y = 10V; Rl = 2kH 


SR 

X = 10V; Y = +20V-step; Rl = 2kn 


BW 3 dB 

X = IV, rms; Y = 10V 


BW 3 dB 

X = 10V; Y = IV, rms 


BWfp 

Rl = 20kO, Vo = ±10V 


N 

fB = 1Hz to 10kHz 


N 

fB = 1Hz to 10MHz 



±30 

2.5 

180 

60 

3.5 

5 

10 

20 

! 

±100 



60 

6 

±1 

225 


±100 



60 

6 

±1 

225 


±1 

100 

80 








±100 






±1/2 

50 

40 




±4 



180 






±100 








±100 




±1 

100 

80 





TABLE IV. Group C, End Point Electrical Parameters. 

(Ta = 25°C, ±Vcc - 15VDC) 


Test 

Limit 

Delta 

Et 

1.0% 

0.66% 

Voo 


25mV 
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3.5 Markin g. Marking is in accordance with MIL-M-38510. The following marking is placed on each microcircuit as a 
minimum. 

a. Part number (see paragraph 1 .2) 

b. Inspection lot identification code jy 

c. Manufacturer’s identification ( KFuttI ') 

d. Manufacturer’s designating symbol (CEBS) 

e. Country of origin (U.S.A) 

3.6 Workmanshi p. These microcircuits are manufactured, processed, and tested in a careful and workmanlike manner. 
Workmanship is in accordance with good engineering practices, workmanship instructions, inspection and test 
procedures, and training, prepared in fulfillment of Burr-Brown’s product assurance program. 

3.6.1 Rework provisions. Rework provisions, for the / MIL Hi-Rel product designation, including rebonding, are in 
accordance with MIL-M-38510. 

3.7 Traceabilit y. Traceability is in accordance with MIL-M-38510. Each microcircuit is traceable to the production lot 
and to the component vendor’s component lot. Reworked or repaired microcircuits maintain traceability. 

3.8 Product and process chan ge. Burr-Brown will not implement any major change to the design, materials, 
construction, configuration, or manufacturing process which may affect the performance, quality, reliability or 
interchangeability of the microcircuit without full or partial requalification. 

3.9 Screenin g. Screening, for / MIL and / 883 B Hi-Rel product designations, is in accordance with MIL-STD-883, 
method 5008, hybrid class, except as modified in paragraph 4.3 herein. 

For the standard model, Hi-Rel product designation (none), routine manufacturing processing includes Burr-Brown 
internal visual inspection, and stabilization bake, fine leak, gross leak, burn-in (72 hours, performed preseal), constant 
acceleration (condition D) and external visual inspection per MIL-STD-883 method 5008 hybrid class. 

For the / MIL Hi-Rel product designation, all microcircuits will have passed the screening requirements prior to 
qualification or quality conformance inspection. 

3.10 Q ualification. Qualification is not required. See paragraph 4.2 herein. 

3. 1 1 Q uality conformance inspection. Quality conformance inspection, for the / MIL Hi-Rel product designation, is in 
accordance with MIL-M-38510, except as modified in paragraph 4.4 herein. The microcircuit inspection lot will have 
passed quality conformance inspection prior to microcircuit delivery. 


+15VDC -15VDC 



jy A four-digit date code, indicating year and week of seal, is marked on /883B and (none) Hi-Rel product designations. 
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PROCEDURE: 

1. Set V x = V y = +10.000VDC ±lmV, measure E 0 = E 0 i. 

2. Set Vx = V y = -10.000VDC ±lmV, measure E 0 = E D 2 . 

3. Set V x = +10.000VDC ±lmV and V y = -lO.OOOVDC ±lmV, measure E 0 = E o3 . 

4. Set V x = -lO.OOOVDC ±lmV and V y = + 10.000VDC ±lmV, measure E c = Eo 4 . 

5. Calculate V G i = |E 0 i -10 1, V 0 2 =|E 0 2 -10 1 , Vo 3 = |E o3 +10 | and Vo4. = |Eo4 +10 1. 

6. Vox is the largest of V Q i, V 0 2 , V o3 or Vo 4 . 

Et(%) = ^ x 100 

4. PRODUCT ASSURANCE PROVISIONS 

4.1 Samplin g and inspection. Sampling and inspection procedures are in accordance with MIL-M-38510 and 
MIL-STD-883, method 5008 except as modified herein. 

4.2 Q ualification. Qualification is not required unless specified by contract or purchase order. When so required, 
qualification will be in accordance with the inspection routine of MIL-M-385 10, paragraph 4.4.2. 1 . The inspections to be 
performed are those specified herein for groups A, B, C, and D inspections (see paragraphs 4.4. 1 , 4.4.2, 4.4.3, and 4.4.4). 
Burr-Brown has performed and successfully completed qualification inspection as described above. The qualification 
report is available from Burr-Brown. 

4.3 Screenin g. Screening, for / MIL and /883B Hi-Rel product designations, is in accordance with MIL-STD-883, 
method 5008, hybrid class, and is conducted on all devices. The following additional criteria apply: 

a. Constant acceleration test (MIL-STD-883, method 2001) is test condition D, Yi axis only. 

b. Interim and final test parameters are specified in Table II. The interim electrical parameters test prior to burn-in is 
optional at the discretion of the manufacturer. 

c. Burn-in test (MIL-STD-883, method 1015) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 5 herein 

(3) T A = +125°C minimum 

(4) Test duration is 160 hours minimum 

d. Percent defective allowable (PDA). The PDA, for the / MIL Hi-Rel product designation only, is 10 percent and 
includes both parametric and catastrophic failures. It is based on failures from group A, subgroup 1 test alter 
cool-down as final electrical test in accordance with MIL-STD-883, method 5008, and with no intervening 
electrical measurements. If interim electrical parameter tests are performed prior to burn-in, failures resulting from 
preburn-in screening failures may be excluded from the PDA. If interim electrical parameter tests prior to burn-in 
are omitted, all screening failures shall be included in the PDA. The verified failures of group A, subgroup 1 after 
burn-in in that lot are used to determine the percent defective for that lot, and the lot is accepted or rejected based 
on the PDA. 

e. External visual inspection need not include measurement of case and lead dimensions. 



FIGURE 5. Test Circuit, Burn-in and Operating Life Test. 
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4.4 Q uality conformance inspection. Groups A and B inspections of MIL-STD-883, method 5008* are performed on 
each inspection lot. Group D, subgroup 1, seal test, of MIL-STD-883, method 5008, is performed on each lot of packages 
procured. Groups C and D inspections of MIL-STD-883, method 5008, are not required unless specified by contract or 
purchase order. 

Burr-Brown periodically performs groups C and D inspections of MIL-STD-883, method 5008. A report of the most 
recent groups C and D inspections is available from Burr-Brown. 

4.4. 1 Group A inspection. Group A inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table I, and as follows: 

a. Tests are specified in Table II herein. 

b. Tests previously performed as part of final electrical test need not be repeated. 

4.4.2 Group B inspection. Group B inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table II and as follows: 

a. Particle impact noise detection test is not required. 

4.4.3 Group C inspection. Group C inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table III, and as follows: 

a. Operating life test (MIL-STD-883, method 1005) conditions: 

(1) Test condition B 

(2) Test circuit is Figure 5 herein 

(3) T A = 125°C minimum 

(4) Test duration is 1000 hours minimum 

b. End point electrical parameters are specified in Table II herein. 

c. Additional electrical subgroups are specified in Table II herein. 

4.4.4 Group D inspection. Group D inspection consists of the test subgroups and LTPD values shown in MIL-STD-883, 
method 5008, Table IV, and as follows: 

a. Particle impact noise detection test is not required. 

4.5 Methods of examination and test. Methods of examination and test are specified in the appropriate tables. Electrical 
test circuits are as prescribed herein or in the referenced test methods of MIL-STD-883. 

4.5. 1 Volta g e and current. All voltage values given, except the input offset voltage (or differential voltage) are referenced 
to the external zero reference level of the supply voltage. Currents given are conventional current and positive when 
flowing into the referenced terminal. 

4.6 Ins pection of pre paration for deliver y. Inspection of preparation for delivery is in accordance with MIL-M-38510, 
except that the rough handling test does not apply. 

5. PREPARATION FOR DELIVERY 

5. 1 Preservation-packa gin g and packin g. Microcircuits are prepared for delivery in accordance with MIL-M-38510. 

6. NOTES 

6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification. 

6.2 Intended use. Microcircuits conforming to this specification are intended for use in applications where the use of 
screened parts is desirable. 

6.3 Ordering data. The contract or order should specify the following: 

a. Complete part number (see paragraph 1.2) 

b. Requirement for certificate of compliance, if desired. 

6.4 Definitions. 

Total error. T otal error (E T ) is the difference between the actual output voltage and the ideal output voltage expressed as 
a percentage of the maximum output voltage, 1 0 volts. It is the sum of the individual errors and includes feedthrough and 
output offset voltage. 

Feedthrou gh. Feedthrough (FT X or FTy) is the output voltage when the ideal output voltage is zero (i.e., X = 0, Y = ±V or 
X = ±V, Y = 0). 

6.5 Microcircuit group assi g nment. These mircocircuits are assigned to Technology Group F as defined in MIL-M- 
38510, Appendix E. 

6.6 Electrostatic sensitivit y. These microcircuits may be damaged by electrostatic discharge. Electrostatic sensitive 
precautions should be observed at all times. 

6.7 Power Su ppl y Sequencin g. Apply, and remove, both supplies together. Alternatively, apply the positive supply first. 
Permanent damage may occur if the minus supply is applied with an input greater than +6VDC. 
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7. ELECTRICAL PERFORMANCE CURVES. 

(Typical at Ta = +25°C and ± Vcc = 15VDC unless otherwise specified.) 



NONLINEARITY VS FREQUENCY 



10 100 Ik 10k 100k 1M 


Frequency iHzt 


FEEDTHROUGH VS FREQUENCY 



10 100 Ik 10k 100k 1M 10M 

Frequency ' Hz 


OUTPUT AMPLITUDE VS 



100k 1M 10M 

Frequency ( Hz > 


LARGE SIGNAL RESPONSE 



O 40 


COMMON-MODE REJECTION 
VS FREQUENCY 




\ Y = 12V, p-p j 


_____ 


A — X 

1UVU 


x = 1 

2 V, p 

-P 

V 




[ Y = ±10VDC | 




\ 







x 






A 


J 



LJ 






10 100 Ik 10k 100k 1M 10M 
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OUTPUT VOLTAGE VS 
OUTPUT CURRENT 



INPUT VOLTAGE FOR 
LINEAR RESPONSE 



SUPPLY CURRENT VS 

16 
14 
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$ 
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O 
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8. APPLICATIONS INFORMATION 

8. 1 Power su ppl y decouplin g. For optimum performance and to prevent frequency instability due to power supply lead 
inductance, each power supply should be decoupled by connecting a 1 /jlF tantalum capacitor from each power supply pin 
to ground (power supply common). 

8.2 Ca pacitive loads. Stable operation is maintained with capacitive loads up to lOOOpF, except for the square root mode 
which is limited to 50pF. Higher capacitive loads can be driven if a 100(1 resistor is connected in series with the output for 
isolation. 

8.3 Ty pical A p plications. 

8.3.1 Multiplication. The basic connection for four-quadrant multiplication is shown in Figures 2a and 2b. Optional 
offset nullling is shown in Figure 3. Feedthrough may be minimized by applying an external nulling voltage to the X and/ 
or Y input, as appropriate. Usually, the nulling voltage is applied to X 2 or Y 2 . If Z 2 input is not used, it should be 
grounded. 
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Figure 6 shows how to achieve a scale factor larger than 0. 1 (i.e., a denominator less than 10). A larger scale factor is 
electrically advantageous in some applications, but this has the disadvantage of proportionately increasing the output 
offset voltage. Note, the offset may be nulled as shown in Figure 3. Also, the small signal bandwidth is reduced to about 
50kHz. 

lOkn 



-15V0C +15VDC 

FIGURE 6. Connection for Unity Scale Factor. 

8.3.2 Division. The basic connection for two-quadrant division is shown in Figure 2c. 

Divider error is approximately 

1 OCmultiplicr 

^divider 77 77 

Xl - X 2 

Note, the divider error will become very large for small values of (Xi - X 2 ). A 10 to 1 denominator range is a practical 
limit. 

8.3.3 Sq uarin g. The basic connection is shown in Figure 7. 



FIGURE 7. Squaring Connection. 


8.3.4 Sq uare Root. Figure 8 shows the connection for taking the square root of the voltage Vzi - Vz2. The diode prevents a 
latching condition which could occur if the input momentarily changed polarity. The load resistance Rl must be in the 
range of lOkfl^ Rl ^ 1 Mft to provide the current necessary to operate the diode. The output offset should be nulled for 
optimum performance; allow the input to be its smallest expected value and adjust Ri for the proper output voltage. The 
square root mode accuracy is then approximately that of the multiply mode. 



FIGURE 8. Square Root Connection. 
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8.3.5 Percent. The circuit of Figure 9 has a sensitivity of 1 V/% and is capable of measuring 10% deviations. Wider 
deviation can be measured by decreasing the ratio of R 2 /R 1 . 



8.3.6 Sine Function Generator. The circuit in Figure 10 uses implicit feedback to implement the following sine function 
approximation: V 0 = (1.571SV, - 0.0043 1 7V, 3 )/( 1 + 0.001398V, 2 ) = 10 sine (9V,). 


7l.W*n 



8.3.7 Single- phase Power Measurement. Figure 1 1 shows a circuit for measurement of single-phase instantaneous and 
real power. 



FIGURE 11. Single-Phase Instantaneous and Real|Power Measurement. 



MODULAR POWER SUPPLIES 



Well-regulated DC power is usually required to power modern electronic 
circuits. Over the years electronic circuits have changed in terms of size and 
performance. Packaged in small integrated circuit packages or in hybrid 
modules, more and more electronic circuits now provide significantly 
improved performance. Burr-Brown encapsulated power supplies have kept 
up with changing times. We provide a broad line of reliable, self-contained, 
ready to use power supplies, at low cost, to meet OEM and design engineers’ 
power supply requirements. 

Burr-Brown standard series AC/DC power supplies and DC/DC converters 
provide maximum flexibility in systems design. They are particularly useful 
for powering analog interface circuitry involving operational amplifiers, A/D 
and D/A converters, instrumentation and isolation amplifiers, analog circuit 
functions, and so forth, in digital and analog systems. A wide range of output 
voltage and current ratings are available; international input voltage ratings 
are also available. 

The AC/DC supplies are available in both the PC board-mountable and 
chassis-mountable versions. The chassis mount type provides the same 
reliable performance as the PC board mount type, but the input and output 
connections are made on a terminal strip via screw terminals rather than 
pins. They are useful in applications where use of PC boards or sockets is 
either undesirable or impractical. 

The DC/DC converters are available in small encapsulated PC board- 
mountable packages. They provide high input-output isolation, making 
them suitable in computer interface applications where, if necessary, the 
analog circuitry can be “floated” completely independent of digital ground. 
Specially designed DC/DC converters are available for use with optically- 
coupled isolation amplifiers and for applications where isolation voltage 
ratings of 3000 volts and more are required. 

All Burr-Brown power supplies are extensively tested before and after 
encapsulation to ensure reliable operation. Computerized automatic testing 
equipment is used to implement stringent quality control. Years of linear and 
digital engineering expertise have gone into the design and manufacture of 
Burr-Brown products. Most of these power supplies are available from stock 
in both small and large quantities. 
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SELECTION GUIDE 
Modular Power Supplies 


| AC/DC CONVERTERS \ 

Description 

Model 

Rated 

Output 

Rated Input 

Regulation , 
No Load 
to Full Load 

Regulation 
Overrated 
Line Volt, 

OutputC) 

Ripple/Noise 

Package 

Price ($) 

Page 

Unit 

100’s 

Dual ±15VDC 

550 

±15V, ±25mA 


±0.1% 

±0.05% 

2mV 

Module 

35.25 

22.50 

8-3 

Supply 

551 

±15V, ±50mA 

105 VAC to 125 VAC, 

±0,05% 

±0.05% 

0.5mV 

Module 

52.00 

38.25 

8-3 

P.C.B. Mount 

552 

±15V, ±100mA 

50Hz to 400Hz 

±0.05% 

±0.05% 

0.5mV 

Module 

65.50 

46.50 

8-3 


553 

±15V, ±200 m A 

(2) (3) (4) 

±0.05% 

±0.05% 

0.5mV 

Module 

88.50 

68.75 

8-3 


554 

±15V, ±350 m A 


±0.02% 

±002% 

Q.5mV 

Module 

106.00 

84.50 

8-3 

Dual ±15VDC 

556 

±15V, ±200mA 

105VAC to 125VAC, 

±0.05% 

±0.05% 

IrhV 

Module 

75.50 

59.00 

8-3 

Supply 



50Hz to 400Hz 








Chassis Mount 

558 

±15V, ±500mA 

(2) (3) (4) 

±0.05% 

±0.05% 

ImV 

Module 

107.00 

83.75 

8-3 

5VDC Supply 

560 

5V(5), ±250mA 

105VAC.tO 125VAC, 

±0.1% 

±0.05% 

ImV 

Module 

53.50 

38.25 

8-3 

P.C.B. Mount 

561 

5V(5), ±500mA 

50Hz to 400Hz 

±0.1% 

±0.05% 

ImV 

Module 

63.25 

44.00 

8-3 


562 

5V(5), ±1 000mA 

, (2) (3) (4) 

±0.1% 

±0.05% 

ImV 

Module 

86.75 

63.25 
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DC/DC CONVERTERS 










Leakage 


Price 

,$i 


Description 

Model 

Input 

Output 

Isolation 

Current 

Package 

Unit 

100’s 

Page 

Regulated 

546 

4.5VDC to 5.5VDC 
400mA 

Single-Bipolar 
±15V, 120mA 

300V 

Not Specified 

Module 

92.00 

80.25 

8-3 

Isolated 

700 

10VDC to 18VDC 
89mA 

±10VDC to ±18VDC 
(±1 V tolerance) 
at 60mA total 

1500Vp 

VA, max 

Module 

43.30 

33.80 

8-7 


700U(6) 

10V DC to 18VDC 
89mA 

±10VDC to ±18VDC 
(±1 V tolerance) 
at 60mA total 

2000V p 

1/iA, max 

Module 

39.10 

28.95 

8-7 


710(7) 

10VDC to 18VDC 
100mA 

Four sets of outputs 
each set: 

±10VDC to ±18VDC 
( ±1 V tolerance) 
at 76mA total 
all outputs 

lOOOVp 

1/uA, max 

I 

Module 

52.00 

37.50 

8-9 


722 

722BG 

5VDC to 16VDC 
120mA 

Two-Bipolar 
±15V, 64mA 

3500V(8) 

8000VO) 

IfiA at 

240V, 60Hz 

DIP 

35.95/ 

43.70 

25.95/ 

32.30 

8-13 

8-13 


724 

5VDC to 16VDC 
125mA 

Four-Bipolar 

±8V 

1000V(8) 

3000VO) 

1/iA at 

240V, 60 Hz 

DIP 

47.40 

35.00 

8-17 


NOTES: 1 ) At full load, rms ( max i. 2 1 205VAC to 240VAC, 50Hz to 400Hz option available. 3) 90V AC to 110VAC, 50Hz to 400Hz option available. 4 ) 220VAC 
to 260VAC, 50Hz to 400Hz option available. 5) Connect as +5V or -5V. 6> Models 700 and 700M have separate internal input and output shields. Models 
700U and 700UM have no internal shields. Model 700M and 700UM are similar to Models 700/700U but, in addition, they are 100% screened to patient 
connected circuit requirements for the leakage current (par. 27.5) and withstand voltage (par. 31 .1 1 ),of UL544. Additional charge for 700M or 
700UM. See Product Data Sheet for complete specifications. 7) Model 710 provides 4 channels (sets) of isolated outputs. See Product Data Sheet for 
complete specifications. 8) Input to output, continuous. 9) Input to output, 5sec, minimum. 
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MODULAR AC/DC AND 
DC/DC POWER SUPPLIES 


FEATURES 

• PC BOARD-COMPATIBLE 

• CHASSIS MOUNTABLE 

• HIGH RELIABILITY, FULLY TESTED 

• LOW INSTALLED COST 

• COMPLETELY SELF-CONTAINED 


DESCRIPTION 

Burr-Brown standard series power supplies and 
DC/ DC converters provide maximum flexibility in 
systems design. They are particularly useful for 
powering analog interface circuitry in digital and 
analog systems and have a wide range of output 
voltage and current ratings. They are completely self- 
contained, ready to use encapsulated units. For most 
OEM users they eliminate engineering start- 
up/documentation costs and manufacturing delays 
at prices generally far below internal manufacturing 
costs. 

The AC/ DC power supplies have a current limiting 
circuit in the output stage, designed to withstand 
output short-circuit-to-common or substantial 
overload conditions for long periods of time, without 
causing damage to the power supply. 

In applications where isolation between input and 
output is an essential requirement (such as powering 
isolation amplifier input and output stages) the Burr- 
Brown isolated DC/ DC converters provide up to 
1500VDC of isolation protection. 
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MODULAR AC/DC POWER SUPPLIES 

• PC BOARD/CHASSIS MOUNT TYPE 

• ±15VDC DUAL OUTPUTS, +5VDC SINGLE OUTPUT 

• 25mA TO 1000mA CURRENT CAPABILITY 

• CURRENT-LIMITED OUTPUTS FOR SHORT CIRCUIT PROTECTION 

• INTERNATIONAL AC INPUT VOLTAGE OPTIONS AVAILABLE 

SPECIFICATIONS COMMON TO ALL AC/ DC 
POWER SUPPLIES 

Input Voltage: 105V AC to 125VAC, 50Hz to 400Hz. For international 
AC input voltages see options E, F, and H. 

Input Isolation: 50MH 

Breakdown Voltage: 500V, min. 

Output Voltage: Error, ±1%; temperature coefficient, ±0.02%/ °C 

Output Protection: Current limiting protection for output to withstand 
overloads and direct short circuits to ground to prevent excessive 
temperature within the unit. 

Rated Operating Temperature: -25°C to +71°C. May be operated at higher 
temperatures with proper derating. 

Storage Temperature: -25°C to +85°C. 


DC/ DC CONVERTERS, ±15VDC OUTPUT 

• REGULATED ±15VDC FROM UNREGULATED DC INPUT 

• DIFFERENT DC INPUT VOLTAGE RANGES AVAILABLE 

• HIGH CURRENT CAPABILITY WITH CURRENT LIMIT PROTECTION 

• ISOLATED DC/DC CONVERTERS, 75% EFFICIENCY AT FULL LOAD 

• LOW COUPLING CAPACITANCE (8pF) 

• HIGH ISOLATION VOLTAGE (1500VDC) 

• LOW EMI. SHIELDED AND UNSHIELDED UNITS 

• UP TO FOUR FULLY ISOLATED OUTPUT CHANNELS (Model 710] 

• SMALL SIZE 
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AC /DC CONVERTERS 


Model 

Dual ±15VDC Supplies i 

5VDC Logic Supplies 

PC Board Mount 

Chassis Mount 

PC Board Mount 

550 

eh 

552 

mm 

El 

KM 


560 

561 

562 

RATED OUTPUT 

Voltage (nom) 

Current (max) 








5V "> 

250mA 

5V ( "< 2 ' 

500mA 

5 V uo 

1000mA 

RATED INPUT 

Voltage 

Options'" 

105 - 125V AC, 50 - 400Hz 

E, F, H 

105 - 125 VAC 
50 - 400Hz 
E,F,H 

105 - 125 VAC, 50 - 400Hz 

E, F, H 

REGULATION 

No load to full load (max) 

Over rated line voltage (max) 

±0.1% 

±0.05% 

±0.05% 

±0.05% 

BH 



±0.05% 

±0.05% 

±0.05% 

±0.05% 



±0.1% 

±0.05% 

OUTPUT RIPPLE AND NOISE 

At full load, rms (max) 



m 



ImV 

ImV 

ImV 


ImV 


DC/DC CONVERTERS H5VDC Output 



Low Profile 

Isolated’ 61 1 

MODEL 

546 


710'" 

RATED INPUT 

Voltage 

4.5VDC to 5.5VDC 

10VDC to I8VDC 

10VDC to 18VDC 

Current, Quiescent 

400mA, max 

20mA at ±3mA load 

40mA at total output of 24mA 

Current, full load 

1.8 A, max 

89mA max at ±30mA load 

100mA at total output of 76mA 

RATED OUTPUT 

Voltage (no load) 

±J5V 

±Vi\ w/IV tolerance 

4 sets of ±V in w/ IV tolerance 

Current 

120mA, max 

total 60mA, max 

total 76mA max; any single 

Short circuit curfent 

180mA, max 

120mA, max 

output -60mA, max 

120mA, max 

REGULATION 

Line at full load 

0.1%, max 





Load, zero to full load 

0.02% typ, 0.1% max 

35mV/mA 

75mV/mA 

OUTPUT VOLTAGE TEMP COEFFICIENT 

±3mV/"C 

- 

- 

OUTPUT RIPPLE 

lOmV peak, typ; 20mV 

±15mV peak at ±3mA 

±25mV peak at ±3mA 


peak, max; 0.8mV, rms 

load; ±80mV peak, max. 

load; ±80mV peak; max. 


max 

at ±30mA load 

at ±9.5mA load 

INPUT-OUTPUT ISOLATION 

Test voltage, 5sec at 60Hz 


4200 Vp/ 5000 Vp 

2200V, rms 

Voltage, continuous, derated 

300V DC 

1 500Vp/ 2000 Vp 

600V, rms, lOOOVp 

Impedance 

10'°n || 50pF 

10 lo ft || 5pF/ 10"’n || 3pF 

10 ,o n II 8pF 

Leakage current at 240V/60Hz, tested 


lf/A, max 

1mA, max 

TEMPERATURE RANGE 

Operating 

0°C to 7I”C 

-25"C to +85°C 

-25°C to +85°C 

Storage 

-55°C to +I00°C 

-55”C to +125"C 

-55°C to +1 10°C 


1. The output may be connected as +5V or -5V. 

2. These 5V supplies have over-voltage protection which limits the output voltage to 7V (max) in a fault condition. 

3. International input voltage rating available. Specify: E option - 205VAC to 240VAC, 50Hz to 400Hz. 

. F option - 90V AC to 1 10VAC, 50Hz to 400Hz. 

H option - 220V AC to 260VAC, 50Hz to 400Hz. 

4. Models 700 and 700M have separate internal input and output shields. Models 700U and 700UM have no internal shields. Model 700M and 700UM are similar to 

Models 700/ 700U but, in addition, they are 100% screened to patient connected circuit requirements for the leakage current (par. 27.5) and dielectric withstand 
voltage (par. 31.1 1) of UL544. See Product Data Sheet for complete specifications. 

5. Model 710 provides 4 channels (sets) of isolated outputs. See Product Data Sheet for complete specifications. 

6. For newer designs, the models 722 and 724 (hybrid isolated DC / DC converters) which are smaller in size and better in performance are recommended. Please refer to 
models 722 and 724 product data sheets. 
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PACKAGE DRAWINGS 


DRAWING NO. 1 


<1 

' C0Mv» 1 

-d 

\ - 1 


' ' D ; ' — #4-40 thread x 

^ 3.3mm (.13") deep 

Pin Diameter 1.02mm (0.04") 

* No Connection for Models 560, 561, 562. 

For Models 550, 551, 560 - A = 22.2mm (0.875") 
Weight: 340 grams (12 oz) 

For Models 552, 553, 561, 562 - A = 32mm (1.25") 
Weight: 425 grams (15 oz) 

For Model 554 - A = 4.1cm ci.62") 

Weight: 750 grams (26 oz) 


DRAWING NO. 3 Model 546 


n^^53.3 




5 V 1< 

— 1 

+15 >3 

^com! 4 

2 



LLl 


WEIGHT - 50 grams (1.7 oz) 


DRAWING NO. 4 Model 700 

I 28.7 

28.7 mm 

, (1.13") I ( 1.13") **J 


( 0 . 8 ") 

BOTTOM VIEW 




Weight: 22.67 gm 

(0.80 oz) max 
Grid: 2.50mm (0.1 0") 
NOTE: Input and Output 
circuits have 
separate shields. 


Input 

Common 


— psro-j 


to+++*++++- 

*+■ -M-+4 + ft— 
++4-M-» + +t+— 
4+4-M-4+4 tO* 


10.2mm 
(0.40") ** 
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ISOLATED DC-TO-DC CONVERTER 


FEATURES 

• HIGH BREAKDOWN VOLTAGE 5000V PEAK 

• LOW LEAKAGE CAPACITANCE =3pF 

• SHIELDED AND UNSHIELDED UNITS 

• COMPLETELY SPECIFIED 

BENEFITS 

• HIGH VOLTAGE RATING PROTECTS 

EXPENSIVE INSTRUMENTATION 

• LOW LEAKAGE CURRENT PROTECTS HUMAN LIFE 

• EXCELLENT ISOLATION CMR IMPROVES 

SYSTEM PERFORMANCE 

• SHIELDING PREVENTS ELECTROSTATIC AND 

EMI PROBLEMS 

APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

• MEDICAL INSTRUMENTATION 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 


DESCRIPTION 

The Model 700 converts a 1 OVDC to 1 8 VDC input to 
a dual output of the same value as the input voltage. 
The internal hybrid integrated circuit reduces size 
and cost. A self-contained frequency stable 130kHz 
oscillator drives switching circuitry which is designed 
to minimize the common problem of spiking due to 
transformer saturation. Regulation and short circuit 
protection, if desired, can easily be added (see Figure 
3). Models 700 and 700M have separate internal 
input and output shields. Models 700U and 700UM 
have no internal shields. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 

(Typical at 25°C with 15V supply unless otherwise noted.) 


ELECTRICAL 

MODEL 

700/700M 700U/700UM 

INPUT 

Voltage Ranged 

Current @ ±3 mA Load 

Current @ ±30 mA Load 

Ripple Current @ ±3 mA Load 

Ripple Current @ ±30 mA Load 

10V to 18V 

20 mA 

89 mA, max. 

±3 mA, peak 
±25 mA. peak 

ISOLATION^) 

Voltage, Test, 5 sec. @ 60 Hz 

Voltage, Continuous, derated 

Impedance 

Leakage Current @ 240V/60 Hz 

4200V p 5000Vp 

1500Vp 2000Vp 

10G fills pF 10Gni|3pF 

1 juA, max. 1 mA, max. 

OUTPUT 

V Qut @ ±3 to ±30 mA Load, 

Operating Current total of both outputs 
Safe Nondestructive Current at 2 5°C 
Sensitivity to Input Voltage 

Load Regulation 

Ripple Voltage @ ±3 mA Load 

Ripple Voltage @ ±30 mA Load 

Balance of +V and -V @ +1 = -I 

±Vj n with ±1V tolerance 

60 mA max. 

120 mA max. 

1.08V/V 

35 mV/mA 
±15 mV, peak 
±80 mV, peak max. 

±20 mV 

TEMPERATURE RANGE 

Operating 

Storage 

-2 5°C to +85°C 
-55°C to + 125°C 


NOTES: 1. Derate to 16V max between +Vj n and -Vj n above 70°C. 

2. A medical grade unit is available which is 100% screened to 
Patient Connected Circuit requirements for the leakage 
current (par. 27.5) and dielectric withstand voltage (par. 31.1 1) 
of UL544. Specify 700M or 700UM. 


MECHANICAL 




1 ,02mm 
(0.040")dia. 


20.32mm 

(0.80") 


♦ i +++ +•*■■•■ fo - ' 

tO++f ♦ ■» + ■*■ 

++ 4 

+ ■*■4 + 44+4 +Qrj 


S * V OUT 
-Output Common 

" _V OUT 

'"Output Shield * 
*700 & 700M Only 

Grid: 

2.54mm 

( 0 . 1 ") 


Material: Black Epoxy -j .. 

Weight: 22.67 gm (0.80 oz.) max 
Grid: 2.50mm (0.10") 

Pin: Pin material and plating composition 
conform to Method 2003 (solderability ) of 
MIL-STD-883 (except paragraph 3.2). 

NOTE: Input and Output circuits have 
separate shields. 



FIGURE 1. Load Regulation. FIGURE 2. Temperature Drift. FIGURE 3. Short Circuit Protection. 

•For one output with constant 1 5 mA 
load and varying current on other output. 

(A minimum load of 3mA is recommended for each output). 

Use with Isolation Amplifiers: 

When the Model 700/700U is used with isolation amplifiers such as the Burr-Brown 3650 and 3652 special attention should be 
given to current ratings to avoid over designing. Since the isolation amplifiers do not draw max. current simultaneously from 
the +V and -V Model 700/700U terminals, it is possible to drive more isolation amplifiers per Model 700/700U than one might 
initially expect. The Model 700/700U is capable of providing a total output current of 60 mA balanced or unbalanced between 
the two outputs. A minimum load of 3 mA is recommended for each output. 


FIGURE 3. Short Circuit Protection. 
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QUAD-ISOLATED DC-TO-DC CONVERTER 


FEATURES 

• FOUR ISOLATED ±10VDC to ±18VDC OUTPUTS 

• DRIVES FOUR 3650/3652 ISOLATION AMPS 

• HIGH BREAKDOWN VOLTAGE, 2200VDC TEST 

• LOW LEAKAGE CAPACITANCE, 8pF 

• LOW LEAKAGE CURRENT, 1|iA @ 240V/60HZ 

• LOW COST PER ISOLATED CHANNEL 

APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 

DESCRIPTION 

The Model 7 1 0 converts a single 1 OVDC to 1 8VDC input 
into four dual isolated outputs of the same value as the 
input voltage. The converter is capable of providing a 
total of 76mA at rated output voltage accuracy and can 
provide isolated power to four independently isolated 
3650/3652 optically coupled isolation amplifiers with the 
entire assembly mounted on one 5" x 7" card. 

Extensive use is made of hybrid integrated circuits to 
reduce size and cost. A self-contained frequency stable 
130 kHz oscillator drives switching circuitry which is 
designed to minimize the common problem of spiking 
due to transformer saturation. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tsl. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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DESCRIPTION 


OUTPUT CURRENT RATINGS 

The Model 710 is capable of providing a total of 76m A of 
output current divided among its eight outputs. The 
maximum current available from any one output is 
shown in Figure 9. A minimum average current of 3mA is 
recommended for each output in order to maintain 
output voltage accuracy. Thus, the current may be 
balanced (such as +9.5mA and -9.5mA) or unbalanced 
(such as +16mA and -3mA). The best output voltage 
accuracy will be obtained under balanced conditions. 
Channels may be connected in series or parallel for higher 
voltage or current. For parallel operation connection of 
channel 1 to 2 or channel 3 to 4 will result in lowest ripple. 
In some cases the 710 may drive larger loads than would 
be apparent from a cursory examination of the 
specifications. For example, see Figures 1 and 2. The 
most total current drawn from the pair of +V G and -V G 
output is I max + Iq (not 2 x I max ). For the 3650 this is a 
maximum of 12mA + 1.2mA = 13.2mA (instead of 
24mA). 



FIGURE 2. Waveforms 


ISOLATION VOLTAGE RATINGS 

1 1 is important that the user understand the significance of 
the continuous derated isolation voltage specification 
and its relationship to the actual test voltage applied to 
the unit. Since a “continuous” test is impractical in a 
product manufacturing situation (implies infinite test 
duration) it is generally accepted practice to perform a 
production test at a higher voltage (i.e., higher than the 
continuous rating) for some shorter length of time. 

The important consideration is then “what is the 
relationship between actual test conditions and the 
continuous derated minimum specification?” There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: V le st = (2xV continuous rating) + 1000 V. This 
relationship is appropriate for conditions where the 
system transient voltages are not well defined.* Where the 
real voltages are well defined or where the isolation 
voltage is not continuous the user may choose to use a less 
conservative derating to establish a specification from the 
test voltage. 

* Reference National Electrical Manufacturers 
Association (NEMA) Standards Parts ICS 1-109 and 
ICS I-Ill. 

SHORT CIRCUIT PROTECTION 

The circuit in Figure 3 may be added to the input of the 
7 1 0 in order to protect it from damage in situations where 
too much current is demanded from the outputs — such as 
a short circuit from an output to its common. The circuit 
limits the input current to approximately 100 mA for an 
input voltage of 15 VDC (for/? of 2N2219 of 50). 
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SPECIFICATIONS 


Typical at 25°C with 15V supply unless otherwise noted. 


ELECTRICAL 

MODEL 

710 

INPUT 


Voltage Range 

10V to 18V 

Current at 1 otal Output Current of 24mA 

40mA 

Current at Total Output Current of 76mA 

100mA, max. 

Ripple at Total Output Current of 24mA 

15mA, peak 

Ripple at Total Output Current of 76mA 

40mA, peak 

ISOLATION 


Voltage, Test, 5 sec. (41 

2200V, rms at 60Hz 

Voltage, Continuous, derated, minimum ,4 ' 

600V, rms AC, 1000VDC 

Impedance 

I0GH || 8pF 

Leakage Current at 240V/60 Hz 

1 a* A. max 

OUTPUT 


Voltage Accuracy' 1 2 3 4 5 6 ' 1 

See Figure 8 

Current for Rated Accuracy: Total of all currents 

76mA, max 

: Any one output 

60mA, max 

Total Safe Nondestructive Current at 25"C 

1200mA, max 

Sensitivity to Input Voltage 

1.08 V < V 

Load Regulation 1 '’ 1 

75mV , mA 

Ripple Voltage at ±3mA Load 

±25mV, peak 

Ripple Voltage at ±9. 5mA Load 

±80mV, peak max 

Balance of +V and -V at +1 = -1 

±20mV 

AV„„i vs Temperature -25"C to +85 ’C 

3.0+f 

TEMPERATURE RANGE 


Operating 

-25"C to +85*’C 

Storage 

-55"C to +1 10°C 


MECHANICAL 



— I** — 1 .02mm 
*' ( 0.040 *) 


35.6mm 

(1.40") 

-Voi +Voi 
1 Z 

V 

T7 

LIU 

- 

CHI- 

IT? 

CH2-^ 


-| 

zzf 

j= 

CH3L- 

GH4-|^ 


Material: Black Epoxy 
Weight: 25 grams (0.9 oz.) 

Grid: 5.08mm (.20") 

Pin: Material and plating composition 
conform to Method 2003 (solderability) of 
M1L-STD-883 (except paragraph 3.2). 


1. Derate to 16V max between +Vis and -Vi\ above 70"C. 

2. Operation down to 5V is possible with reduced output current and accuracy. 

3. Isolation specifications are applicable to input to output isolation as well as channel to channel isolation. 

4. See discussion on previous page; 2200V. rms — 3000V peak. 

5. A minimum output current of ±3mA per channel is recommended to maintain output voltage accuracy. 

6. Load regulation for one channel with other channels at ±9.5mA load. 



FIGURE 4. Functional Diagram 


FIGURE 5. Typical Connection with Four 3650 
Isolation Amplifiers. 
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Output Voltage, +Vq L = -Vq L 

Output Voltage Deviation from Nominal (%) 


TYPICAL PERFORMANCE CURVES 








|Test Condition 1 



r f 

chosen for Ij 

, = 3 

mA 



\ 




/ 






> 

\ 





■ 





\ 

v 





s. 





5 

V 









T 

N 

\ 






.Rp 

1/ 1 1 
chncpn fnr I - 


1 1 

Q A 







, i 


1 















0 2 4 6 8 10 12 14 16 18 20 

Output Current, 1^ + = I^_ (mA) 
FIGURE 6. LOAD REGULATION - balanced load 
20 






A 


Min and Max Ranged 


V 




/ 

/ /} 

/ 



/ 


V 





/ 





/ 

vr i i 

^•Nominal V r 
1 

,ut = V i 

n 

I 


j I j I j Test Condition 2 
Rp chosen for I J = ±9. 5mA I 1 j” 


_at terminals with fixed R. 


^at terminals with variable R^ 


0 2 4 6 8 10 12 14 16 18 20 

Output Current (mA) 1^+ 

FIGURE 7. LOAD REGULATION - unbalanced load 


Maximum balanced lo 
I current per channel 


Input Voltage 

FIGURE 8. OUTPUT VOLTAGE ACCURACY VS 
INPUT VOLTAGE 


Input Voltage 

FIGURE 9. OUTPUT CURRENT RATINGS TO MAINTAIN 
OUTPUT VOLTAGE TOLERANCE 



FIGURE 10. Test Condition 1: Balanced Load 


FIGURE 11. Test Condition 2: Unbalanced Load 

















DUAL ISOLATED DC/DC CONVERTER 


FEATURES 

APPLICATIONS 

• DUAL ISOLATED ±5 TO +16V OUTPUTS 

• MEDICAL EQUIPMENT 

• HIGH BREAKDOWN VOLTAGE, 8000V TEST 

• INDUSTRIAL PROCESS CONTROL 

• LOW LEAKAGE CURRENT, <ljiA AT 240V/60HZ 

• TEST EQUIPMENT 

• LOW COST PER ISOLATED CHANNEL 

• DATA ACQUISITION SYSTEMS 

• SMALL SIZE, 27.9mm x 27.9mm x 7.6mm 
(l.rx 1.1" x 0.3") 

• NUCLEAR INSTRUMENTATION 



D E S C R I PTI O INI Integrated circuit construction of the 722 reduces size 

The 722 converts a single 5VDC to 1 6VDC input into and cost. High isolation breakdown voltages and low 

a pair of bipolar output voltages of the same value as leakage currents are assured by special design and 

the input voltage. The converter is capable of construction which includes use of a high dielectric 

providing a total output current of 64mA at rated strength, low leakage coating used on the internal 

voltage accuracy and up to 250mA without damage. assembly. 

The two output channels are isolated from the input A self-contained 900kHz oscillator drives switching 

and from each other. They may be connected circuitry which is designed to eliminate the common 

independently, in series for higher output voltage or problem of input current spiking due to transformer 

in parallel for higher output current, as a single saturation or crossover switching, 

channel isolated DC /DC converter. 

International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DISCUSSION 


OUTPUT CURRENT RATINGS 

At rated output voltage accuracy, the 722 is capable of 
providing 64mA divided among its four outputs* u . A 
minimum average output current of 3mA is 
recommended at each output to maintain voltage 
accuracy. 

Output channels (2) may be connected in series or parallel 
for higher output voltage or current. 


ISOLATION CONFIGURATIONS 

The fact that the two outputs of the 722 are isolated from 
the input and from each other allows both two-port and 
three-port isolation connections. 

Figure 1 shows Burr-Brown’s 3650 Optically Coupled 
Isolation Amplifier connected in three-port 
configuration. One of the 722 channels provides power to 
the 3650’s input. The other channel supplies power to the 
3650’s output. The amplifier’s input and output are 
isolated from each other and the system’s power supply 
common. In this configuration the 722’s channel-to- 
channel isolation specification applies to the amplifier 
input-to-output voltage. 


Figure 3 illustrates how the 722 may provide isolated 
input power to the input stage of two 3650’s connected in 
the two-port configuration. Power for the output stage is 
provided by the system +15V and -15V supplies. Input 
stages are isolated from each other and from the system 
supply. In this situation the 722’s input-to-output 
isolation specification applies to the amplifiers’ input-to- 
output voltages while the channel-to-channel 722 
specification applies to the voltage existing between “1/ P 
Com W 1” and “I/P Com # 2.” 

(1) “output" denotes a single output terminal (+V or -V) and its associated common 

(2) “channel” denotes a pair of outputs (+V and -V) and their associated common 



MECHANICAL 


28.19mm max 
~ (1.1 1" max) 


i n 




2.54mm 

(0.10") 

-H I— 


2.54mm 
(0.10") typ. 

~H !**" | 2.54mm 

( 0 . 10 ") 


,♦•• + + + + ••• — i— 

|(+)(C)(-) (-)(CX+j| 4 

(Output I) (Output 2)1 I 

* 22.86mm 
(0.90") 


7.6mm 

max 



(0.02") (0.25" 
min) 


PINS: Pin material and plating 
composition conform to Method 2003 
(solderability) of Mil-Std-883 (except 
paragraph 3.2). CASE: Ceramic 
WEIGHT: 1 1 grams (0.4 oz.). 


SHORT CIRCUIT PROTECTION 

The circuit in Figure 2 may be added to the input of the 
722 to protect it from damage in situations where too 
much current is demanded from the outputs - such as a 
short circuit from an output to its common. The circuit 
limits input current to approximately 1 50mA for an input 
voltage of 15VDC (for p of 2N2219 of 50). 



FIGURE 2. Short Circuit Protection 



FIGURE 1. Three-Port Isolation 


FIGURE 3. Two-Port Isolation with two 3650’s. 



ELECTRICAL SPECIFICATIONS 

Specifications at Ta = +25°C, Vin = 15VDC, C = 0.47/nF, Ri Selected per Typical Performance Curve. 


PARAMETER 

CONDITIONS 

722 

722BG 

722MG 

1 

■JJJ 

■£Q| 

U2J 

■221 

HQ 

■223 

■221 

||2 

■22J 


| INPUT | 

Rated Input Voltage 

Input Voltage Rangel 1 ) 

Input Current 

Input Ripple(2) 

Total output current = 12mA 

T otal output current = 64mA 

Total output current = 64mA 
at Ta = +85° C 

Total output current = 160mA 

Total output current = 12mA 

T otal output current = 64mA 

Total output current = 160mA 





225 

12 

275 


1 


VDC 

VDC 

mA 

mA 

mA 

mA 

mA, pk 
mA, pk 
mA, pk 

| ISOLATION | 

Test VoltagesO) 

Input-to-output, 5 seconds, min 



8000 







V, pk 


Input-to-output, 1 minute, min 






- 



2500 

V, rms 


Channel-to-channel, 5 seconds, min 

+ h3 


5000 







V, pk 

Rated VoltageO) 

Input-to-output, continuous 

■ 


3500 







V 


Channel-to-channel, continuous 



2000 







V 

Isolation Impedance 

Input-to-output 


10||6 






* 


GflllpF 

Leakage Current!*) 

Input-to-output, 240V, 60Hz 



1 







mA 

| OUTPUT | 

Rated Output Voltage<5) 

li_oad = 3mA per output 

15.4 


isir 







■H 


Load = 16mA per output 

14.3 


15.3 







VDC 


Load = 40mA per output 

- 

- 

- 

13.7 

14.2 

Wifg 

- 

- 

- 

VDC 

Output Current 

Total of all outputs 



200 







mA 


Any one outputs 

3 


100 







mA 

Load Regulation 



Note 5 









Ripple Voltage 

Load = 3mA per output 


15 








mV, pk 


Load = 16mA per output 


35 

100 







mV, pk 


Load - 40mA per output 


- 



50 





mV, pk 

Tracking Error Between 

Balanced loads 










mVDC 

Dual Outputs 












Sensitivity to Input 












Voltage Changes 



1.13 








V/V 

Output Voltage Temperature 

Ta = Tspecification Range 


±0.02 








%/°C 

Coefficient 













Specification 

Load ^ 16mA per output 

-25 


+85 

wm 


■1 

■i 

■ 




Load ^ 40mA per output 

-25 

^B 

+60 




H 

^B 



Storage 


-55 

SHf 

+125 

1 

9B| 



■ 

B - •. 


Junction Temperature 




+125 

■ 

u 


■ 


H 



* Specifications same as 722. 


NOTES: 

1 . For ambient temperature above 70°C the input voltage is 12.5V max. The 
input voltage remains 16V max if case temperature is kept below 85°C. 

2. External capacitor across “P+" to "V-” pins and 12" of #24 wire to Vin. 

3. See “Isolation Voltage Ratings” on page 2 of data sheet. 


4. Reference UL544, paragraph 27.5, Leakage Current. 

5. See “Typical Performance Curves”. 

6. A minimum output current of 3mA at each output is recommended to 
maintain output voltage accuracy. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

Typical application connections for the 722 are shown in 
Figures 1 and 3. Primary power (Vin) is applied at the 
“PT” and “V-” terminals. The common or ground for Vin 
may be connected to either “PT” or “V-”; the only 
requirement is that “PT” and “VT” must be positive with 
respect to “V-.” 

Power for the internal oscillator and switch drivers is 
derived from the primary power by a voltage dropping 
resistor Ri. The value of Ri as a function of Vin is shown 
in the TYPICAL PERFORMANCE CURVES section. 
Alternately, voltage for the “VT” terminal may be 
obtained from a separate source. “VT” should be T5V to 
-f 7.5 V positive with respect to “V-”. If a separate source is 
used, the VT input must be applied before the“PT” input 
to avoid possible damage to the unit. PT and VT must 


remain positive with respect to V- at all times (including 
transients). If necessary, diode clamps should be put 
across these inputs. 

The “E” pin enables the converter when connected to 
“VT” and disables it when connected to “V-.” 

An external capacitor, “C”, (0.47 /zF ceramic) is used to 
reduce input ripple. It should be connected as close to the 
“PT” and “V-” pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 722 is not internally shielded, external shielding may 
be appropriate in applications where RFI at the 900kHz 
nominal oscillator frequency is a problem. A shield, 
model 100MS, is available. 

Each output is filtered with an internal 0.22/zF capacitor. 
Output ripple voltage can be reduced below the specified 
value by adding external capacitors up to 10/zF between 
each output and its common. 
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Output Load Voltage, | Vload I f Vi Output Load Voltage, Vload (Vi 


TYPICAL PERFORMANCE CURVES 

Specifications at Ta - +25°G, Vin = 15VDC. C - 0.47/uF. Ri selected per typical performance curve 


SELECTION OF Ri OR EXTERNAL 
VOLTAGE V+ FOR MINIMUM INTERNAL 
POWER DISSIPATION 



Maximum Output Current 
From Any Single Output 

<16mA 

16mA to 
30mA 

>30mA 

Input Voltage V 

>13 

1.3kll 

82011 

51011 

11 

IS 

82011 

51011 

20011 

, 9 o 

11 

51011 

20011 

on 

8 

to 

9 

20011 

on 

- 

<8 

on 

- 

- 

V+EXT 

6.5V 

7.5 V 

9.0V 


MAXIMUM SAFE OPERATING 
TEMPERATURE VS TOTAL 


OUTPUT CURRENT OUTPUT VOLTAGE VS INPUT VOLTAGE 



SINGLE-CHANNEL LOAD REGULATION 





^(5 

p m 
lr$i 
P-Jli 












■ 

fl 

IS 

\ 





as 


13* 1 i 1 1 * 

0 20 40 60 80 100 

Output Load Current, II i mA i 


SINGLE OUTPUT LOAD REGULATION 



CHANNEL-TO-CHANNEL INTERACTION 



Output Load Current, I II I mA 


PARALLEL OUTPUT BALANCED 


LOAD REGULATION 



PARALLEL OUTPUT UNBALANCED 
LOAD REGULATION 



Notes: 



Output Load Current, i II mA 


1 1 1 Using a 104mm x 19mm x 1 6mm aluminum strip mounted to the bottom of the case with heat sink compound. 
' 2 ■ T otal output current is the sum of the currents for each individual output. 
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QUAD ISOLATED DC/DC CONVERTER 


FEATURES 

• QUAD ISOLATED +8V OUTPUTS 

• HIGH BREAKDOWN VOLTAGE, 3000V TEST 

• LOW LEAKAGE CURRENT, <1jiA AT 240V/60HZ 

• LOW COST PER ISOLATED CHANNEL 

• SMALL SIZE, 27.9mm x 27.9mm x 6.6mm 

(1.1" x 1.1" x 0.26") 


APPLICATIONS 

• MEDICAL EQUIPMENT 

• INDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 

• NUCLEAR INSTRUMENTATION 



DESCRIPTION 

The 724 converts a single 5 VDC to 1 6VDC input into 
four pairs of bipolar output voltages of approximate- 
ly half the input voltage. The converter is capable of 
providing a total output current of 128mA at rated 
voltage accuracy and up to 500mA without damage. 
The four output channels are isolated from the input 
and from each other. They may be connected 
independently, in series for higher output voltage, or 
in parallel for higher output current as a single 
channel isolated DC/ DC converter. 


Integrated circuit construction of the 724 reduces size 
and cost. High isolation breakdown voltages and low 
leakage currents are assured by special design and 
construction which includes use of a high dielectric 
strength, low leakage coating used on the internal 
assembly. 

A self-contained 800kHz oscillator drives switching 
circuitry which is designed to eliminate the common 
problem of input current spiking due to transformer 
saturation or crossover switching. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRC0RP - Telex: 66-6491 
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DISCUSSION 


OUTPUT CURRENT RATINGS 

At rated output voltage accuracy, the 724 is capable of 
providing 128mA divided among its eight outputs* u . A 
minimum average output current of 3mA is 
recommended at each output to maintain voltage 
accuracy. 

Output channels <2) may be connected in series or parallel 
for higher output voltage or current. 

ISOLATION CONFIGURATIONS 

The fact that the four outputs of the 724 are isolated from 
the input and from each other allows both two-port and 
three-port isolation connections. 

Figure 1 shows two of Burr-Brown’s 3650 Optically 
Coupled Isolation Amplifiers connected in three-port 
configuration. Two of the 724 channels provide power to 
the 3650’s inputs. The other channels supply power to 
both 3650’s outputs. Each amplifier’s input and output 
are isolated from each other and the system’s power 
supply common. Isolation specification applies to the 
amplifier input-to-output voltage isolation specification. 

Figure 2 illustrates how the 724 may provide isolated 
input power to the input stage of four 3650’s connected in 
the two-port configuration. Power for the four output 
stages is provided by the system +15VDC and -15VDC 
supplies. Input stages are isolated from each other and 
from the system supply. In this situation the 724’s 
isolation specification applies to the amplifier’s input-to- 
output voltage and to the voltage existing between any 
two I/P COM terminals. 



ISOLATION VOLTAGE RATINGS 

Since a “continuous” test is impractical in a product 
manufacturing situation (implies infinite test duration) it 
is generally accepted practice to perform a production 
test at a higher voltage (i.e., higher than the continuous 
rating) for some shorter length of time. 

The important consideration is then “what is the 


relationship between actual test conditions and the 
continuous derated maximum specification?” There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: V tC st = (2x V continuous rating) +1000V. This 
relationship is appropriate for conditions where the 
system transient voltages are not well defined. (3) Where 
the real voltages are well defined or where the isolation 
voltage is not continuous the user may choose to use a less 
conservative derating to establish a specification from 
the test voltage. 



FIGURE 2. Two-Port Isolation with Four 3650’s. 


SHORT CIRCUIT PROTECTION 

The circuit in Figure 3 may be added to the input of the 
724 to protect it from damage in situations where too 
much current is demanded from the outputs - such as a 
short circuit from an output to its common. The circuit 
limits input current to approximately 1 50mA for an input 
voltage of 15VDC (for 0 of 2N2219 of 50). 



FIGURE 3. Short Circuit Protection. 


(1) “output” denotes a single output terminal (+V or -V) and its associated common 

(2) “channel” denotes a pair of outputs (+V and -V) and their associated common 

(3) Reference National Electrical Manufacturers Association (NEMA) Standards Parts ICS 
1-109 and ICS 1-111. 
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ELECTRICAL SPECIFICATIONS 


At 25°C with V, N = 15V, R, 


PARAMETER 

INPUT 

Input Voltage 
Input Current 

Input Ripple (1)(5) 

ISOLATION 

Test Voltage (2) 

Rated Voltage (2) 

Isolation Impedance 
Leakage Current 


1.3kn, C = 0.47juF unless noted. 


I CONDITIONS 


2 Iout = 24mA 
£ Iout = 128mA, 25°C 
2 lour = 128mA, 85°C 
2 Iout = 24mA, C = 0.47/uF 
2 Iout = 128mA, C = 0.47/xF 

Input-to-output, 5sec min 
Channel-to-channel, 5sec min 
Input-to-output, continuous 
Channel-to-channel, continuous 
Input-to-output 
Input-to-output, 240V /60Hz 


MAX 1 UNITS 


VDC 
VDC 
VDC 
VDC 
GO || pF 
juA 


Voltage (3) 

At 15V input I L = 3mA 

8.0 8.5 

9.0 

V 


II = 16mA 

7.5 7.9 

8.3 

V 

Current for Rated 





Voltage 

Total of all outputs 


128 

mA 


Any one output (4) 

3 


mA 

Total Safe 





Nondestructive Current 

Total of all outputs 


500 

mA 


Any one output 


200 

mA 

Load Regulation (3) 


Note 4 



Ripple Voltage (5) 

Ii = 3mA 

35 


mV, pk 


I, = 16mA 


200 

mV, pk 

Difference of +Vo and -V 0 

+Ii. = -Iu 

±30 


mV 

Sensitivity to Input 





Voltage Change 


0.63 


V/V 

Output Voltage Change 





Over Temperature 

-25°C to +85°C 

2 


% 

1 TEMPERATURE RANGE ! 

Operating 


-25 

+85 

°c 

Storage 


-55 

+ 125 

°c 



NOTES: 

1. 0.47jiF external capacitor across “P+” to “V-” pins and 12" of # 24 wire to V,n. 

2. See “Isolation Voltage Ratings” on preceding page. The input to output and channel to channel continuous AC rating is 700V, rms. 

3. See “Typical Performance Curves.” 

4. A minimum output current of 3mA at each output is recommended to maintain output voltage accuracy. 

5. Test bandwidth 10MHz, max. 


MECHANICAL 



JL+. 


Pin numbers shown for.reference only. 
Numbers may not be marked on package. 


27.43 28 45 

27.43 28 45 

5.97 7 24 

0 46 0.53 

0.89 1.27 

2.54 BASIC 
2.54 BASIC 
3.81 | 8.89 

22.86 BASIC 
0.05 | 0 25 ~ 

2.54 BASIC 


R 


PIN POSITION I PIN DESIGNATION 


No pin present 

+V 03 

C 3 

-Vo3 

No pin present 
+V 02 


12 No pin present 

13 +V 0 , 

14 Ci 

15 -Vo, 

16 No pin present 

17 P+ 

18 V- 

19 V+ 

20 E 


NOTE: 

Leads in true position 
within .010" (,25mm) 
R at MMC at seating 
plane. 
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OUTPUT VOLTAGE +V OL , -V OL (V) OUTPUT VOLTAGE (V) 


INSTALLATION AND 
OPERATING INSTRUCTIONS 


Typical application connections for the 724 are shown in 
Figures 1 and 2. Primary power (Vin) is applied at the 
“P+” and “V-” terminals. The common or ground for Vin 
may be connected to either “P+” or “V-”; the only 
requirement is that “P+” and “V+” must be positive with 
respect to “V-.” 

Power for the internal oscillator and switch drivers is 
derived from the primary power by a voltage dropping 
resistor Ri. The value of Ri as a function of Vin is shown 
in the “Typical Performance Curves” section. 
Alternately, voltage for the “V+” terminal may be 
obtained from a separate source. “V+” should be +5VDC 
to 4-7.5VDC positive with respect to “V-.” If a separate 
source is used, the V+ input must be applied before the 


“P+” input to avoid possible damage to the unit. P+ and 
V+ must remain positive with respect to V- at all times 
(including transients). If necessary, diode clamps should 
be put across these inputs. 

The “E” pin enables the converter when connected to 
“V+” and disables it when connected to “V-.” 

An external capacitor, “C”, (0.47/uF ceramic) is used to 
reduce input ripple. It should be connected as close to the 
“P+” and “V-” pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 724 is not internally shielded, external shielding may 
be appropriate in applications where RFI at the 800kHz 
nominal oscillator frequency is a problem. A shield, 
model 100MS, is available. 

Each output is filtered with an internal 0.047/uF 
capacitor. Output ripple voltage can be reduced below 
the specified value by adding external capacitors up to 
10juF between each output and its common. 


TYPICAL PERFORMANCE CURVES 

All specifications typical at 25°C unless otherwise noted. 


OUTPUT VOLTAGE 
VS INPUT VOLTAGE 


DROPPING RESISTOR R, 



LOAD REGULATION 
(Interchannel with unbalanced load) 


■ 

■ 

If = 3mA 

1 





mih 

■ 

Bi 

Bl 

1 

■ 

B 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

L 

(dual o 

rest Cor 
utput, ui 

dition 2 
balance 

d load) 



INPUT VOLTAGE, V IN (V) 


TEST CONDITION 1 
(Balanced Load) 


0 10 20 30 40 50 

OUTPUT CURRENT, I L + (mA) 



9 

> 

1 8.5 

i * 

w 

o 

^ 7.5 

g 

f— 


LOAD REGULATION 
(Single channel with balanced load) 








Rf 

chosen i 

kj 

or If = 

LI 

5mA 

Rf ch< 

jsen for 

ri 

If = 16n 

lA 







■ 


Test cor 
1 output. 

idition 1 
balance* 

i load) 


10 20 30 40 50 

OUTPUT CURRENT I L + = II- (mA) 


TEST CONDITION 2 
(Unbalanced Load) 
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DATA ENTRY AND DISPLAY TERMINALS 


MICROTERMINAL 

If your system’s data entry/control/display require- 
ments are sophisticated, but limited in volume you 
don’t need to buy big, expensive and fragile CRT’s 
or printing terminals to do the job efficiently. 

“Microterminals” - uniquely flexible in application 
versatility -are designed expressly to fill the human 
interface demands of widely dispersed control and 
communications networks -in machine and process 
control, energy management systems, inventory 
control and factory floor data collection and infor- 
mation processing systems. Microterminals, be- 
cause of their interface flexibility, appearance, size, 
durability and easy installation, function equally 
well as consoles and control centers for instruments 
and small systems. They also perform as I/O 
terminals in diagnostic applications. 

Data may be entered through the standard key- 
board as well as through integral bar code and 
magnatic stripe readers. 

Tough, water-resistant front panel protects LED 
displays and indicators as well as keyboard. Tactile 
feedback confirms operator entry. 

Buffered data features reduce on-line input/output 
time with the CPU and improve accuracy of operator 



inputs. Because of its design simplicity, the Micro- 
terminal concept doesn’t require special operator 
skills or training. Depressing a single function key 
initiates complex preprogrammed action by the 
CPU. These functions are defined in your CPU’s 
software. 

Microterminals' very compact design and simple 
mounting on any flat surface make them quickly 
adaptable to new or existing applications. They 
measure only 21 6mm x l 14mm x 15mm (8.5" x 4.5" x 
0.6"). When ordered in OEM quantities the front 
panel can contain your corporate or system logo. 


! MICROTERMINAL | 



TM710H2) 

TM71B 

TM71-I/0 


TM77(D 

TM77B 

TM77-I/0 

TM76 

TM25 





Bar Code 

Digital 

Low Cost 

Simple 

Bar Code 

Digital 

Simple 


Low Cost 



High Speed 

Reader 

I/O 

Alpha 

Keyboard 

Reader 

I/O 

Keyboard 

Low Cost 

Polled 


Type 

Alpha- 

Alpha- 

Alpha- 

Alpha- 

Alpha- 

Alpha- 

Alpha- 

Alpha- 

Numeric/ 

Numeric/ 



numeric 

numeric 

numeric 

numeric 

numeric 

numeric 

numeric 

numeric 

Hex 

Hex 


Number of Characters 

16 

16 

16 

12 

16 

16 

16 

12 

8 

8 

fo 

Input Buffer Size 

80 

5x50 

80 

36 

80 

5x50 

80 

36 

8 

8 

Q. < 

(characters) 











6 

Character Height 

0.14" 

0.14" 

0.14" 

0.14" 

0.14" 

0.14" 

0.14" 

0.14" 

0.3" 

0.3" 


LED Indicators 

2 

2 

10 

2 

2 

2 

10 

2 

7 

5 


J.ED Status Indicators 

4 

4 

4 

3 

3 

3 

3 

1 

0 

1 

XS 

(Type 

Alpha- 

Alpha- 

Alpha- 

Alpha- 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric/ 

Numeric/ 

8 

1 

numeric 

numeric 

numeric 

numeric 





Hex 

Hex 

>* 

[Number of Characters 

80 

80 

80 

80 

10 

10 

10 

10 

10/16 

16 

* 

(Function Keys 

14 

16 

14 

8 

14 

16 

14 

8 

7 

6 


Bar Code Reader 

No 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 


Digital Inputs 

No 

Yes 

Yes 

No 

No 

Yes 

Yes 

No 

No 

Yes 


Digital Outputs 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 


RS-232-C 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 


RS-422 

No 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

Yes 


20mA Current Loop 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 


Baud Rate 

110-19200 

110-19200 

110-19200 

300 & 1200 

110-19200 

110-19200 

110-19200 

300 & 1200 

300 

300-4800 


Non-polled 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 


Polled 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

YesO) 

Yes 


User EPROM 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

No 

No 


Power Supply 

+5VDC 

+24VAC/DQ 

+5VDC 

+5VDC 

+5VDC 

+24VAC/DC 

+5VDC 

+5VDC 

+15VDC 

+8 to 



650mA 

400mA 

850mA 

500mA 

650mA 

400mA 

850mA 

500mA 

250mA 

+12VDC 












400mA 



$595.00 

$1495.00 

$695.00 

$450.00 

$595.00 

$1495.00 

$695.00 

$450.00 

$249.00 

$250.00 


100-249 quantity 

$385.00 

- 

$450.00 

$290.00 

$385.00 


$450.00 

$290.00 

$182.00 

167.00 

| Page 

9-42 

9-60 

9-42 

9-27 


9-60 

9-42 

9-27 

9-5 

9-19 



NOTES: 1 ) TM71 MS and TM77MS include an integral magnetic stripe reader. Request prices. 2) TM71M meets Hi-Rel environmental specifications, -55°C to 
+65°C temp range. 3) TM25 Multidrop: 1-9 quantity - $325.00; 100-249 quantity -$237.00. 
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DTP-05 

POWERED DESK-TOP STAND 



PDS-470 
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DESCRIPTION 


OPTION SWITCHES 


The DTP-05 is a desk-top stand for use with Burr- 
Brown’s line of microterminals. It may be used with the 
TM70, TM71, TM76, TM77, TM71-I/0, and TM77- 
I/O. The DTP-05 provides +5VDC power at 1A. Also 
included are switches to control microterminal option 
selections, such as baud rate, parity, and polling address. 
Two versions are available, the DTP-05 with 1 10VAC 
input and the DTP-05E with 220 VAC input. 


MICROTERMINAL 
MOUNTING INSTRUCTIONS 

Microterminals may be bolted to the DTP-05 by 

following the assembly procedures below: 

1. Unplug power cord. Hig h volta g es are present on the 
internal circuit board even with power switch off. 

2. Remove the four bolts accessible from sides of the 
unit. 

3. After separating the unit into two halves, carefullly 
remove the six screws and washers which hold the 
circuit board to the top of the enclosure. 

4. Remove the six nuts that retain the standoffs on the 
top portion of the enclosure and discard the nuts. 

5. Place the microterminal face down on a flat surface 
and position the top of the enclosure on the back of the 
microterminal, lining up the holes in the top of the 
enclosure with the mounting holes in the micro- 
terminal. 

6. Connect the top of the enclosure to the microterminal 
by screwing the standoffs through the top of the 
enclosure into the mounting holes on the micro- 
terminal. A star washer should be installed between 
the standoff and the top of the enclosure. Do not over 
tighten. 

7. Replace the circuit board with the six retaining screws 
and washers. Reconnect and secure the top and 
bottom sections of the enclosure as described above. 


Option switches on the DTP-05 are used to select 
between groups of microterminals and to select parity, 
baud rate, and polling address. As shipped, these units 
are set up for 300 baud, mark parity, nonpolled, with the 
front panel reset enabled and set for the TM71/TM77 
family. The option switches are accessible through an 
opening in the bottom of the enclosure. The switch 
markings are silkscreened on the printed circuit board. 
The dual-in-line option switches are marked either “on” 
or “closed” to indicate that the switch is shorted. The 
table below refers to closed as the shorted configuration. 


OPTION SWITCH 

LOGIC 1 

LOGIC 0 

P0 

Open 

Closed 

PI 

Open 

Closed 

BO 

Open 

Closed 

B1 

Open 

Closed 

B2 

Open 

Closed 

AO 

Closed 

Open 

A1 

Closed 

Open 

A2 

Closed 

Open 

A3 

Closed 

Open 


Two switches are used to select between the TM70/ TM76 
and the TM71 /TM77 family. These switches are labeled 
GND (switch S2-3) and EN (switch S2-4). The table 
below shows how these switches are configured to select 
between microterminal families. 


FAMILY 

MODEL 

GND 

EN 


( TM71 

Closed 

Open 

TM71 

1 TM77 

Closed 

Open 

Family 

1 TM71-I/0 

Closed 

Open 


V TM77-I/0 

Closed 

Open 

TM70 

< TM70 

Open 

Closed 

Family 

\ TM76 

Open 

Closed 


The front panel RESET key of the microterminal is 
enabled by the switch marked R1 and R0 (S2-1). In the 
closed position the RESET key is enabled; in the open 
position the RESET key is disabled. 
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OPTION SELECTION 


The tables below show the switch position needed to 
select options: The TM71 family includes the TM71, 
TM71-I/0, TM77, and TM77-I/0. The TM70 family 
includes the TM70 and TM76. 


Option Switch Positions for TM71 Family 


TM71 PARITY BIT 

PI 

PO 

Space 

Closed 

Open 

Even 

Closed 

Closed 

Odd 

Open 

Closed 

Mark 

Open 

Open 


TM71 BAUD RATE 

B2 

B1 

B0 

300 

Open 

Open 

Open 

600 

Open 

Open 

Closed 

1200 

Open 

Closed 

Open 

2400 

Open 

Closed 

Closed 

4800 

Closed 

Open 

Open 

9600 

Closed 

Open 

Closed 

19200 

Closed 

Closed 

Open 

110 , 

Closed 

Closed 

Closed 


TM71 ADDRESS 

A3 

A2 

Al 

A0 

0 (0000i 

Open 

Open 

Open 

Open inonpolled 

1 (0001) 

Open 

Open 

Open 

Closed 

2(0010) 

Open 

Open 

Closed 

, Open 

3(0011) 

Open 

Open 

Closed 

Closed 

• • 

• 

• 

* 

• 

• • 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

15 (1111) 

Closed 

Closed 

Closed 

Closed 


Option Switch Positions for TM70 Family 















TM25 

USER S GUIDE 



PDS-426B 
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DESCRIPTION 

The TM25 is a small, low cost, industrial quality computer 
terminal. It is available with an 8-digit hexadecimal 
display and with either a numeric or hexadecimal key- 
board. It also contains seven function keys and seven 
function lights. The TM25 serial computer interface 
transmits and receives ASCII characters using 20mA 
current loop or RS232C/V.24 transmission standards. 
Information is transmitted at 300 baud. 

The TM25 communications protocol is available in 
single-drop and multidrop versions. In the single-drop 
version, one TM25 is connected to one communications 
interface. In the multidrop version, a number of TM25’s 
can be connected to one communications interface. The 
single-drop version is described beginning on this page. 
The multidrop version is described beginning on page 6. 
The function keys and lights of the TM25 were designed 
to let the TM25 be easily customized to a specific 
application. When a function key is depressed, the 
adjacent function light is lit. Any number of function 
keys may be depressed. When data is transmitted from 
the TM25, the status of the function light is encoded in 
two ASCII characters. Likewise, any function light may 
be turned on or off by command from the serial interface. 
The function lights allow the computer to send messages 
and direct the action of the terminal user. The function 
keys allow the user to transmit specific information to the 
computer, thus considerably extending the versatility of 
the TM25. 

For example, the TM25 may easily be used as part of a 
multiple channel temperature controller. One function 
key is used along with a number from the keyboard to 
indicate the temperature point of interest. A second 
function used with a keyboard-entered number fixes the 
setpoint temperature. The third and fourth function keys 
indicate to the computer that the user is entering alarm 
limit data. A fifth function key can be used to cause the 
computer to display the current temperature of a specific 
point or to display each temperature point in sequence. 
The computer can indicate that a temperature point is out 
of limits by flashing the TM25 displays. 

As an alternative, if the function lights are used as 
prompts, the computer could lead the operator through 
the various data gathering steps by lighting the proper 
function lights. For instance, in a factory floor data 
acquisition system, lighting the first function light can be 
used to tell the operator to start a sequence by entering 
operator’s badge number. The second function light 
would indicate that the operator should enter the lot 
number. The third function light then would indicate the 
number of units in the lot that passed to the next stage. 

These discussions assume that the function keys/ lights 
are labeled. Labeling can be done by writing on the 
special white label surface below each function light or 
affixing a stick-on label in the same position. In OEM 
quantities, the front panel of the TM25 can be customized 
for a moderate cost. 


The TM25 is available in four versions: 


Keyboard Protocol 

TM25 - 300NT Numeric Single-drop 

TM25 -300HT Hexadecimal Single-drop 

TM25 - 300NM Numeric Multidrop 

TM25 - 300HM Hexadecimal Multidrop 


SINGLE-DROP MODE 

DISPLAY 

The TM25 has two display areas: 

1) The 8-digit display 

2) The seven function lights (light emitting 
diodes - LED’s) 


DIGIT DISPLAY 

Each TM25 has an 8-digit display implemented with 
seven segment LED’s. The display also features an 
embedded decimal point which does not use any of the 
eight digit positions and a minus sign which does use one 
of the eight digit positions. Any hexadecimal character (0 
- F) may be displayed as shown in Figure 1. 


n i j 3 u c c ~i o Q ol rj c c 

u IE 3 1 3 O lOJi lULUL / 


FIGURE 1. TM25 Hexadecimal Display. 


Digits appear in the display as transmitted from the 
computer on the serial interface. If numeric only data is 
transmitted, then numeric only data will appear. If 
hexadecimal data is transmitted, hexadecimal data will 
appear. 

Digits appear in the display as keys are depressed. With a 
numeric keyboard, only numeric digits will appear in the 
display due to key depressions. The computer, however, 
may transmit any characters, 0 - F, to the display 
regardless of the keyboard. 

As keys are depressed, the digits appear in the right-most 
position and move to the left across the display as 
subsequent keys are depressed. 

When the CLEAR key is depressed, the display is 
blanked except for the right-most digit which will show as 
a zero with a trailing decimal point. When the first digit 
key is depressed, the zero is replaced by the digit that was 
depressed. The trailing decimal point remains in the 
right-most position unless a decimal point is subse- 
quently entered from the keyboard. The decimal point 
appears to the right of each digit. Only one decimal will 
appear on the display in any one number. 

The minus sign will appear only in the position to left of 
the numeric or hexadecimal number displayed. The 
minus sign must be the first character entered in order to 
display a negative entry. 


FUNCTION LIGHTS 

Each TM25 has seven function lights (LED’s). Each 
function light is physically placed beside its corresponding 
function key. 
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Any or all of the seven function lights may be turned on 
by command from the computer via the serial interface or 
by the user depressing the corresponding function keys. 
When the CLEAR key is depressed, all function lights are 
turned off. 


KEYBOARD 

Two keyboards are available for the TM25: 

1) Numeric keyboard including seven function keys. 

2) Hexadecimal keyboard including seven function 
keys. 

The TM25 keyboard is implemented with an embossed 
polycarbonate cover over key domes. This provides a 
waterproof front panel and keys with tactile feedback. 


NUMERIC KEYBOARD 

The numeric keyboard includes the digits 0 through 9, 
seven function keys, a minus sign, decimal point, CLEAR 
and ENTER. A TM25 front cover with a numeric 
keyboard is shown in Figure 2. 



FIGURE 2. TM25 With Numeric Keyboard. 

HEXADECIMAL KEYBOARD 


The hexadecimal keyboard includes the digits 0 through 
F, seven function keys, minus sign, decimal point, CLEAR 
and ENTER. A TM25 front cover with a hexadecimal 
keyboard is shown in Figure 3. 



FIGURE 3. TM25 With Hexadecimal Keyboard. 


ENTER KEY 

After data keys (or the CLEAR key) have been depressed 
(causing digits to appear in the display and/or function 
lights to turh on) the ENTER key may be depressed. The 
ENTER key causes the data appearing in the digit display 
and in the function lights to be transmitted on the serial 
interface. When the ENTER key is depressed in this 
manner, the displays will blink once. If the ENTER key is 


depressed again before any new data keys are depressed, 
no further transmission will be made. If a transmission 
from the computer is received after a data key is 
depressed, but before the ENTER key is depressed, the 
data will be held in the TM25 input buffer until the 
ENTER key is depressed. At this time the data received 
from the computer will be transferred from the input 
buffer to the display. 

CLEAR KEY 

When the CLEAR key is depressed, the digit display is 
blanked except for the right-most digit which becomes a 
zero with a trailing decimal point. At the same time, all 
function lights are turned off. 

The CLEAR key may be used to clear improper data 
before the ENTER key is depressed. It may also be used 
to blank the display after an ENTER. If the CLEAR key 
is depressed followed by the ENTER key, the TM25 will 
transmit a zero followed by Z 1 Z 2 characters indicating all 
function lights are off. 

If a transmission from the computer has been received 
and is holding in the TM25 input buffer, it will be 
transferred to the display when CLEAR is depressed. 

MINUS SIGN KEY 

To make a negative entry, the minus sign key must be 
depressed before any numeric or hexadecimal keys 
(including the decimal point) are depressed. The function 
keys may be depressed before or after the minus sign key. 

COMMUNICATIONS PROTOCOL 

The serial interface of the TM25 transmits standard 
ASCII characters with 20mA current loop and El A 
RS232C/V.24 conditioning. When the ENTER key is 
depressed, the data message is transmitted to the computer. 
COMMUNICATIONS TERMINOLOGY 
[DDD] Data to or from the 8-character digit display. 
Zero to eight characters plus optional 
imbedded decimal point may be transmitted. 
Leading minus sign is one character. If no 
characters are transmitted to the TM25 the 
digit display is cleared. The most 
significant digit is transmitted first. 

Zi Z 2 Data to function lights or from function keys. 

On transmission to the terminal, Z 1 Z 2 may be 
one, two or no characters. If no characters, 
all message lights cleared. If one character, 
it is interpreted as Zi. If two characters, they 
are interpreted as Zi and Z 2 . On transmissions 
from the terminal, Z\ and Z 2 are always 
transmitted. 

CR Carriage Return 

LF Line Feed 

COMPUTER TO TERMINAL TRANSMISSION 

The following information is transmitted by the computer 

to a TM25: 

|[DDD] [Delimiter] [Z t Z 2 ] [Delimiter]] 
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Delimiter: The delimiter may be a CR or LF. 

DDD: The digit data may be hexadecimal or 

numeric regardless of the model of TM25 
used. The most significant digit is 
always transmitted first. 

If function data [ZiZ 2 ] is not sent, the first [Delimiter] 
may be CR LF or CRCR;[ZiZ 2 ] and the second [Delimiter] 
are eliminated as shown below: 

1 [DDD] CR LF | or | [DDD] CR CR| 

The terminal will “turn off” the function lights with this 
transmission. If [DDD] is greater than eight characters, 
all characters after the first eight will be ignored. If [DDD] 
is no characters, the digit display will be completely 
blanked. Examples of various [DDD] information are 
shown in Table I. 


TABLE I. Examples of Digit Displays. 



If a terminal key is being depressed while the computer is 
transmitting data to the terminal, the portion of the 
transmission which occurred before the key was depressed 
will not be received. A key depression occurring after the 
final [Delimiter] will not affect the transmission. A 
transmission to the TM25 must occur at least 4msec after 
the end of a TM25 to computer transmission. Also, the 
TM25 requires a 40msec delay after receiving a message 
before it can receive another one. 

TERMINAL TO COMPUTER TRANSMISSION 

The following information is transmitted to the computer 
from the TM25 when the ENTER key is depressed: 

1 [DDD] CR LF [Z 1 Z 2 ] CR LF I 

The minimum [DDD] which can be transmitted to the 
computer is one character. [DDD] consists of only the 
numbers 0 through 9 for numeric keyboards and 0 
through F for hexadecimal keyboards for transmission to 
the computer. 


FUNCTION CHARACTERS 

Function lights FI through F7 can be turned on or off by 
the computer. The function lights are controlled by the 
transmission of two printable ASCII characters - Zi and 
Z 2 . The control bits for lights FI, F2, F3, and F4 are 
encoded in four bits of Zi (bi - b 4 ). The control bits for F5, 
F6, and F7 are encoded in three bits ofZ 2 (bi -b3). Bits bs, 
b6, and b 7 ofZi are fixed as 100; bits b 4 , bs, b 6 ,and b 7 ofZ 2 
are fixed as 1010. Table II shows the encoding of Zi and 
Z 2 . 


TABLE II. Zi and Z 2 Character Encoding. 


1 

b 7 

b6 

bs 

b 4 

b3 

b2 

bi 

Zi 

1 

0 

0 

F4 

F3 

F2 

FI 

Z 2 

1 

0 

1 

0 

F7 

F6 

F5 


The same format is used to indicate that one or more 
function keys have been depressed. When the ENTER 
key is depressed, the status of all the function keys is 
encoded in characters Zi and Z 2 . 

One, two or no characters may be transmitted to the 
terminal. If no characters are sent, the message lights are 
cleared. If one character is sent, it will be interpreted as 
Z\ \ Z 2 message lights are then cleared. If two characters 
are sent, they are interpreted as Zi and Z 2 . Both 
characters are always transmitted from the terminal. 

When transmitted from the microterminal, a bit equal to 
Logic 1 (MARK) indicates that a function key was 
depressed. When transmitted from the computer, a bit 
equal to Logic 1 (MARK) turns on that function light. 
For example, if only the FI key is depressed, Zi is 
transmitted as 1000001. Likewise, if only function light 
FI is to be turned on and all other lights turned off (or left 
off) the Zi and Z 2 characters which the computer must 
transmit to the TM25 are: Zi - 1000001, Z 2 - 1010000. The 
ASCII characters which these codes represent are listed 
inTables III and IV. In the above example Zi ( 1 00000 1 ) is 
A and Z 2 (1010000) is P. As noted previously, Z 2 would 
not need to be transmitted to turn off all Z 2 function 
lights. 

TABLE III. Z, Characters. 


ASCII Code 

ASCII 

Char. 

b 7 

b6 

bs 

b4 

b3 

b2 

bi 





F4 

F3 

F2 

FI 

ZI 

1 

0 

0 

0 

0 

0 

0 

@ 

1 

0 

0 

0 

0 

0 

1 

A 

1 

0 

0 

0 

0 

1 

0 

B 

1 

0 

0 

0 

0 

1 

1 

C 

1 

0 

0 

0 

1 

0 

0 

D 

1 

0 

0 

0 

1 

0 

1 

E 

1 

0 

0 

0 

1 

1 

0 

F 

1 

0 

0 

0 

1 

1 

1 

G 

1 

0 

0 

1 

0 

0 

0 

H 

1 

0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

J 

1 

0 

0 

1 

0 

1 

1 

K 

1 

0 

0 

1 

1 

0 

0 

L 

1 

0 

0 

1 

1 

0 

1 

M 

1 

0 

0 

1 

1 

1 

0 

N 

1 

0 

0 

1 

1 

1 

1 

O 


TABLE IV. Z 2 , Characters. 


ASCII Code 

ASCII 

Char. 

b 7 

b6 

bs 














1 

0 

1 

0 

0 

0 

0 

P 

1 

0 

1 

0 

0 

0 

1 

Q 

1 

0 

1 

0 

0 

1 

0 

R 

1 

0 

1 

0 

0 

1 

1 

S 

1 

0 

1 

0 

1 


0 

T 

1 

0 

1 

0 

1 

0 

1 

U 

1 

0 

1 

0 

1 

1 

0 

V 

1 

0 

1 

0 

1 

1 

1 

w 
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TABLE V. ASCII Characters. 


ASCII 

Graphic 

Hexadecimal 

Code 

Octal 

Code 

Decimal 

Code 

b7 

b6 

b5 

b4 

b3 

b2 


CR 

0D 

15 

13 

0 

0 

0 

1 

1 

0 

1 

LF 

0A 

12 

10 

0 

0 

0 

1 

0 

1 

0 

0 

30 

60 

48 

0 

1 

1 

0 

0 

0 

0 

1 

31 

61 

49 

0 

1 

1 

0 

0 

0 

1 

2 

32 

62 

50 

0 

1 

1 

0 

0 

1 

0 

3 

33 

63 

51 

0 

1 

1 

0 

0 

1 

1 

4 

34 

64 

52 

0 

1 

1 


1 

0 

0 

5 

35 

65 

53 

0 

1 

1 

0 

1 

0 

1 

6 

36 

66 

54 

0 

1 

1 

0 

1 

1 

0 

7 

37 

67 

55 

0 

1 

1 

0 

1 

1 

1 

8 

38 

70 

56 

0 

1 

1 

1 

0 

0 

0 

9 

39 

71 

57 

0 

1 

1 

1 

0 

0 

1 

A 

41 

101 

65 

1 

0 

0 

0 

0 

0 

1 

B 

42 

102 

66 

1 

0 

0 

0 

0 

1 

0 

C 

43 

103 

67 

1 

0 

0 

0 

0 

1 

1 

D 

44 

104 

68 

1 

0 

0 

0 

1 

0 

0 

E 

45 

105 

69 

1 

0 

0 

0 

1 

0 

1 

F 

46 

106 

70 

1 

0 

0 

0 

1 

1 

0 

G 

47 

107 

71 

1 

0 

0 

0 

1 

1 

1 

H 

48 

110 

72 

1 

0 

0 

1 

o 

0 

0 

1 

49 

111 

73 

1 

0 

0 

1 

0 

0 

1 

J 

4A 

112 

74 

1 

0 

0 

1 

0 

1 

0 

K 

4B 

113 

75 

1 

0 

0 

1 

0 

1 

1 

L 

4C 

114 

76 

1 

0 

0 

1 

1 

0 

0 

M 

4D 

115 

77 

1 

0 

0 

1 

1 

0 

1 

N 

4E 

116 

78 

1 

0 

0 

1 

1 

i ! 

0 

0 

4F 

117 

79 

1 

0 

0 

1 

1 

1 

1 

P 

50 

120 

80 

1 

0 

1 

0 

0 

0 

0 

Q 

51 

121 

81 

1 

0 

1 

0 

.. Em i 

0 

1 

R 

52 

122 

82 

1 

0 

1 

0 

0 

1 

0 

S 

53 

123 

83 

1 

0 

1 

0 

0 

1 

1 

T 

54 

124 

84 

T 

0 

1 

0 

1 

0 

0 

U 

55 

125 

85 

1 

0 

1 

0 

1 

0 

1 

V 

56 

126 

86 

1 

0 

1 

0 

1 

1 

0 

w 

57 

127 

87 

1 

0 

1 

0 

1 

1 

1 


CHARACTER CODE 

The character code used is the American Standard Code 
for Information Interchange (ASCII) (see Table V) and 
ISO 646-1 973(E) Standard. The order of bit transmission 
is that commonly used and specified by ISO and ANSI as 
shown in Figure 4. 


1 2 3 

4 5 

6 7 8 9 10 

Start 


Stop 

(0) u 

bi b2 

b3 b4 

bs b6 b7 Parity <1> 



/ 

/ 

ASCII Word 

Logic 1 MARK) 

(even parity in 

1 bi is LSB 


Multidrop Mode) 


FIGURE 4. Order of Bit Transmission. 

OPERATION 

The TM25 is intended to be connected via a serial ASCII 
interface to a computer. 

DATA DISPLAY 

A transmission to the TM25 will cause digits to appear in 
the digit display and / or function lights to turn on. The 
display will remain unchanged until a new transmission 
from the computer or until data is entered from the 
keyboard. When a new transmission is received from the 
computer, the displays will take on the new values 
instantly when the final [Delimiter] is received. When the 
first key is depressed, the digit and function lights are 


cleared while that digit or light appears. 

DATA ENTRY 

As digit keys are depressed, the character appears on the 
right-most position of the digit display. As subsequent 
keys are depressed, the previously entered characters 
move to the left while the most recently entered digit 
appears in the right-most position. This operation is 
similar to that of a calculator. 

POWER-UP INITIALIZATION 

On power-up, all buffers and displays are initialized to 
zero. Serial output will be initialized to Logic 1 (MARK). 

FLASHING DISPLAY 

TM25’s display can be made to flash very easily under 
computer control. Assume that [D 1] are the digit display 
characters and [Z] the function light characters which 
will be flashed. The following sequence will flash these 
characters: 

[Dl] CR [Z] LF Displays D1 and Z 
<DELAY> 

CRLF 

Blanks Display 
[Dl] CR [Z] LF 
<DELAY> 

CRLF 

Repeat 
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The<DELAY> generated in the computer will determine 
the length of time the displays are on. The display will 
remain blanked for the length of the transmission time of 
the display data, 165msec to 429msec. 

SERIAL INTERFACE 

TheTM25 serial interface provides both El A RS232C/ V.24 
and 20mA current loop conditioning simultaneously. 

CONNECTOR 

A 25-pin female connector (type DB-25S) is provided on 
the rear of the TM25 (see Figure 5). Both the RS232C/ 
V.24 and 20mA current loop are available through this 
connector. The mating 25-pin male connector (type DB- 
25P) with plastic shield assembly and mounting screws is 
available from Burr-Brown as 2525MC. 

The 2525 MC consists of: 

1 . Male HDP connector - 205208-1 

2. Individual pins (solder connector) - 1-66506-0 

3. Hand tool to insert pins in connector - 91067-2 

4. Male screw retainer kit - 205980-1 

5. Shield Assembly - 205718-1 

The AMP Inc. part number is listed for each item. 


H o $ ::> m 


~ v \ 

8L_ 


FIGURE 5. TM25 Rear View. 

Connector Pinout 


Pin Number 

Function 

1 

Ground - Current loop 

2 

Terminal to computer - EIA RS232C/V.24 

3 

Computer to terminal - EIA RS232C/V.24 

4 

Not used 

5 

Not used 

6 

Not used 

7 

Ground - Current loop 

8 

Not used 

9 

Not used 

10 

Not used 

11 

Current loop power 

12 

(+) Terminal to computer - Current loop 

13 

(+) Computer to terminal - Current loop 

14 

Not used 

15 

+15VDC power supply input 

16 

Not used 

17 

Not used 

18 

Current loop power 

19 

Not used 

20 

Not used 

21 

Not used 

22 

Not used 

23 

Not used 

24 

(-) Terminal to computer - Current loop 

25 

(-) Computer to terminal - Current loop 


EIA RS232C/V.24 SPECIFICATIONS 

The EIA RS232C/ V.24 interface is a voltage signal. 
COMPUTER TO TERMINAL 
M AR K = Logic 1 - — 3 V to — 1 5 V voltage level 
SPACE = Logic 0 - +3V to + 15V voltage level 
TERMINAL TO COMPUTER 
MARK = Logic 1 - Nominal — 10V 
SPACE = Logic 0 - Nominal +10V 


Interconnection 



FIGURE 6. EIA RS232C/ V.24 Interconnection Diagram. 


CURRENT LOOP SPECIFICATIONS 

The current loop is optically isolated. 

COMPUTER TO TERMINAL & TERMINAL TO 
COMPUTER 
MARK = Logic 1 - 20mA 
SPACE = Logic 0 - 0mA 

Interconnection 

There are two ways of connecting the TM25 current loop 
to a computer: 

1 . External power source 

2. Internal power source 

EXTERNAL POWER SOURCE (see Figure 7) 



FIGURE 7. Current Loop Interconnection Diagram 
with External Power Source. 
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With an external power source, the TM25 is electrically 
isolated from the computer. 

INTERNAL POWER SOURCE (see Figure 8) 


TM25 



FIGURE 8. Current Interconnection Diagram with 
Internal Power Source. 

When using the internal power sources, of course, the 
TM25 is not electrically isolated. 

TTL Interface 

With external pull up/pull down resistors, the current 
loop will interface to TTL levels. 

POSITIVE LOGIC (see Figure 9) 

MARK = Logic 1 -+5V 
SPACE = Logic 0-+0.4V 


TM25 

+sunr 


12 L 

T 

< 4 

_!f_r 

24 L 



m 

■" - ■ -j ■ ■ To Computer 

i 250n. 74 watt 

+5V0C 

| Ikn, 1/4 watt 

~i A . . 

LILT 

| 25 L 

From Computer 


1 1 

4 



FIGURE 9. TTL Interface Diagram - Positive Logic. 


NEGATIVE LOGIC (see Figure 10) 


MARK = Logic 1 -+0.4V 
SPACE = Logic 0-+5V 


™ 25 +5VDC 9 

, o \? 

|lka 1/4 watt 

k 7A 

To Computer 


i 

+5V0C 

-TTg 

Ikn, 1/4 watt 

From Computer 





FIGURE 10. TTL Interface Diagram - Negative Logic. 


TRANSMISSION DISTANCE 

TABLE VII. Transmission Standards Distance 


Limitations. 


Conditioning 

Maximum recommended 
transmission distance 

RS232C/V.24 

15 meters (50 feet) 

Current Loop 

1500 meters (5000 feet) 


A distance limitation for current loop that should be 
considered is the compliance of the loop power source. 
The forward voltage drop across the input diode is 1 .5V 
max. The loop power source must be able to drive 1.5V 
plus the voltage drop produced by the resistance of the 
wire in the communications line. 

The resistance of wire 1 mm in diameter (# 1 8 AWG) is 40 
per 1 00-meter loop ( 1 30 per 1000-foot loop). The voltage 
drop caused by the resistance of the wire is 0.08V per 
100-meter loop (0.25 V per 1000-foot loop). The resistance 
of wire 0.5mm in diameter (#24AWG) is 16H per 100-meter 
loop (5 ID per 1000-foot loop), so that voltage drop will 
increase by a factor of four. 


MULTIDROP MODE 

In the Multidrop Mode, a number of TM25’s may be 
connected to the same serial link. Each terminal has a 
user-set drop address (0 - 99). Data transmitted to that 
address by the computer will be displayed by the desired 
terminal. The computer must poll the terminals on a loop 
to check for data to be output. A TM25 will ignore any 
transaction which is not directed to its address. If a parity 
error is detected in a transmission, the addressed terminal 
will transmit an error message. When a transmission is 
received from the computer, the TM25 will transmit an 
acknowledgement if no errors have been detected. 
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DISPLAY 

The display operates as in the single-drop mode, except 
that when the ENTER key is depressed, the digit display 
and any active function lights will blink until the 
computer polls the TM25 to allow it to transmit the data. 
When the data has been transmitted, the display will stop 
blinking. It will contain the data that was ENTERed. 

KEYBOARD 

The keyboard is the same as in the single-drop mode. 

ENTER KEY 

The ENTER key operates as in the single-drop mode, 
except that when the ENTER key is depressed, the data 
entered is transferred to the output buffer. The data 
remains displayed in the digit display and function lights 
blink until the computer polls the unit to allow the data to 
be transmitted. After the microterminal transmits the 
data, the displays will stop blinking, but the data will 
remain. 

CLEAR KEY 

The CLEAR key operates as in the single-drop mode. 

MINUS SIGN KEY 

The minus sign key operates as in the single-drop mode. 

COMMUNICATIONS PROTOCOL 

The serial interface transmits standard ASCI 1 characters 
with 20mA current loop and El A RS232C V. 24 condition- 
ing. Parity is even. 

All commands sent to a TM25 in the multidrop mode 
begin with the start of address character “#”( ASCI 1 43«), 
and two digits representing the terminal address. The 
command characters “>”( ASCII 76s) or“?”(ASCII 77«) 
follow the terminal address. The “>” character indicates 
data is being transmitted to the terminal. The “?” 
character indicates that the computer is polling the 
terminal (requesting information). 

COMMUNICATIONS TERMINOLOGY 

[ADRS] Terminal Address - a 2-digit decimal number 
between 00 and 99. 

[DDD] Data to or from the 8-character digit display. 
Zero to eight characters plus optional 
imbedded decimal point may be transmitted. 
Leading minus sign is one character. If no 
characters are transmitted to the TM25, the 
digit display is cleared. The most significant 
digit is always transmitted first. 

Z 1 Z 2 Data to function lights or from function keys. 

On transmission to the terminal, ZiZ: may be 
0, 1 or 2 characters; if no characters, all 
message lights cleared; if one character, 
it is interpreted as Zi. In a transmission 
from the terminal, Zi and Z 2 are always 
transmitted. 


CR 

Carriage Return 

LF 

Line Feed 

# 

Start of Address Character 

> 

Input Command 

■) 

Output Command 

$ 

Acknowledgement 

* 

Paritv Error 


COMPUTER TO TERMINAL DATA 
TRANSMISSION SEQUENCE 

Computer to Terminal 

The following information is transmitted by the computer 
to a TM25: 

| # [APRS] > [DDD] [Delimiter] [Z,Z;] [Delimiter]"! 


[Delimiter]: The delimiter may be a CR or LF 


[DDD]: The digit data may be hexadecimal or 

numeric regardless of the model of TM25 
used. 

If function data [Z 1 Z 2 ] is not sent, the first [Delimiter] 
may beCRLF orCRCR;[Z)Z 2 ] and the second [Delimiter] 
are eliminated as shown below: 


[ # [ADRS] > [DDD] CR LF ] 
| # [APRS] > [DDD] CR CRj 


or 


The terminal will “turn off” the function lights with this 
transmission. If [DDD] is greater than 8 characters, all 
characters after the first 8 will be ignored. If [DDD] 
contains no characters, the digit display will be completely 
blanked. There should be no blanks between characters. 


Terminal to Computer 

If the data was properly received at the terminal, an 
acknowledgement will be sent by the terminal to the 
computer. If a parity error is detected, a parity error 
message will be sent by the terminal to the computer. If 
no transmission is received by the computer from the 
terminal, the data was not received. 


ACKNOWLEDGEMENT: # [ADRS] $ CRLF 
PARITY ERROR: # [AD RS] * CRLF 

The acknowledgement will be sent within 30 communica- 
tion bit times (100msec) after transmission to terminal. 
The parity error message will be transmitted as soon as it 
is detected. (This can be during the original computer to 
terminal transmission.) 

If a terminal key is being depressed while the computer is 
transmitting data to the terminal, the data will not be 
received and the terminal will not respond. 


TERMINAL TO COMPUTER DATA 
TRANSMISSION SEQUENCE 

Computer to Terminal 

The computer must ask for data from a terminal. It polls 
each terminal by sending this information: 

# [ADRS] ? [Delimiter] 

[Delimiter]: The delimiter may be CR, LF or CRLF 
There should be no blanks between characters. 
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Terminal to Computer 

The terminal responds by transmitting the data in its 
output buffer or a parity error message if a parity error 
was detected. 

DATA: [DDD] CR LF [Z,Z 2 ] CR LF 

PARITY ERROR: # [ADRS] * CR LF 
The minimum [DDD] which can be transmitted to the 
computer is one character. For transmissions to the 
computer [DDD] consists of only the numbers 0-9 for 
numeric keyboards and 0 - F for hexadecimal keyboards. 

The terminal will respond within 30 communication bit 
times (100 milliseconds). 11 a terminal key is being 
depressed while the terminal is being polled, it will not 
respond. ~ ~ ^ 

The parity error message will be transmitted as soon as it 
is detected. (This can be during the original computer to 
terminal transmission.) 

FUNCTION CHARACTERS 

Function characters are received and transmitted as in 
the single-drop mode. 

CHARACTER CODE 

The character code used is same as in the single-drop 
mode excepMhat parity is even. 

EXTRANEOUS CHARACTERS 

The TM25 will recognize “#” as the start of data 
transmission. Any ASCII character that occurs in the 
header during an input transaction, but which does not 
conform exactly to the input format specified, will cause 
the terminal to ignore the entire data transaction. 

The data in [DDD], [Z|Z 2 ], and [Delimiter] are treated as 
in the single-drop mode. See the Appendix. 

# [ADRS]? [Delimiter] 

# [ADRS] > [DDD] [Delimiter] Z,Z 2 [Delimiter] 

In the above transmissions from computer to terminal. 

1. # [ADRS]? and 

2. # [ADRS] > 

must be transmitted exactly as specified. 

OPERATION 

The TM25 in the multidrop mode is intended to be 
connected via a serial ASCII interface to a computer. 

DATE ENTRY AND DISPLAY 

A computer to terminal data input transmission will send 
data to the terminal’s input buffer. 

1. If data keys have been depressed but the ENTER 
key has not, the data transmitted to the terminal will 
remain in the input buffer. When the 
terminal’s ENTER or CLEAR key is then 
depressed, the data will be transferred from the input 
buffer to the display. (If ENTER is depressed, the 
operator-entered data will be transferred to the 
output buffer to await an output command from the 
computer.) 


2. 1 n all other cases, the data is transferred directly to the 
display after the [Delimiter] is received. 

The data in the display will remain in the display until the 
terminal receives another input transmission from the 
computer or until data is entered from the keyboard. 

When data keys are depressed and then the ENTER key, 
the display will blink until polled by the computer. 

As digit keys are depressed, the character appears on the 
right-most position of the digit display. As subsequent 
keys are depressed, the previously entered characters 
move to the left while the most recently entered digit 
appears in the right-most position. This operation is 
similar to that of a calculator. 

DATA TRANSMISSION 

When the computer asks for data (# [ADRS] ? CR) the 
terminal will transmit the contents of its output buffer. 
The data in the output buffer is not changed with an 
output transmission. If the computer continues to ask for 
data, the same information will be sent each time until 
new data is ENTERed from the keyboard (i.e., until the 
ENTER key is depressed). (The data in the output buffer 
remains the same even if the CLEAR key is depressed.) 

OTHER 

All other operation is the same as the single-drop mode. 

SERIAL INTERFACE 

The serial interface specifications and connector are the 
same as in the single-drop mode. 

NUMBER OF TERMINALS PER LINE 

A number of TM25’s can be connected in series on a 
20mA current loop (see Figure 1 1). 

The number of terminals which can be connected on one 
communications line is limited by operational, and 
electrical considerations: 

Electrical Considerations. The forward voltage drop 
across the input diode is 1.5V max. The loop power 
supply must be able to drive 1 .5 V for each TM25 in series. 
Thus with four TM25’s on a line, 6V is required to drive 
the diodes. The current loop circuitry at the computer and 
the resistance of the wire in the communications line also 
produce voltage drops. Using the internal current source, 
up to eight terminals can be reliably operated on one 
communications line. 

O perational Considerations . A typical data transmission 
to the terminal requires 0.4 seconds; terminals can be 
polled at a rate of six per second; a typical data 
transmission to the computer requires 0.4 seconds. The 
number of terminals on a single line should be such that 
you may update or poll at an adequate rate. 

In addition, each computer to terminal transmission will 
cause the displays of all TM25’s connected to the serial 
line to dim. Therefore, the number of computer to 
terminal transmissions (such as polling) should be mini- 
mized to reduce display dimming. 
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SPECIFICATIONS 



FIGURE 1 1 . Typical Multidrop Connection via Current 


Loop. 

The current loop interface of the TM25 multidrop 
terminal may be connected to a computer with only EIA 
RS232C serial ports by using the following EIA/ current 
loop converters. 



FIGURE 12. EIA/ Current Loop Converter. 

ADDRESS SELECTION 

Two dip switches accessable from the rear of the TM25 
select the terminal’s address. Any address from 0 to 99 
can be chosen: 


Each digit is BCD encoded as shown below: 



NOTE: 

Switches on some units 
may be numbered I 
through 8. 



DIGIT DISPLAY 

SINGLE-DROP AND MULTIDROP 

Number of Digits 

8 plus decimal point 

Type of Digit Display 

7 segment 

Characters Displayed 

0, 1,2, 3, 4, 5, 6, 7, 8, 9, 


A, B, C, D, E, F, minus sign 

Character Height 

7.6mm (0.3") 

| FUNCTION LIGHTS 1 

Number of Lights 

7 i 

Type of Light 

Red, LED | 

I KEYBOARD 1 

1 Type of Keyboard 

Numeric or Hexadecimal 

I Number of Function Keys 

7 

I MATERIAL 1 

Front Panel 

Polycarbonate 

Back Panel 

Black Anodized Aluminum 

Case 

ABS Plastic 

The front cover will be attacked 

Chlorinated or Fluorinated 

by these chemicals. 

Hydrocarbons 


PVC plasticizing agents 


Amines 

DO NOT USE FLUOROCARBONS (TMC, Freon, etc.) TO CLEAN! 

SERIAL INTERFACE 

Conditioning 

RS232C/V.24 and 20mA 


Current Loop 

Baud Rate 

300 baud 

RS232C 


Output Voltage 


Logic 1 

-10VDC 

Logic 0 

+10VDC 

Input Voltage 


Logic 1 

-3VDC to -1 5VDC 

Logic 0 

+3VDC to +15VDC 

20mA Current Loop 


Input 


Forward Voltage Drop 

1 .5V max at 30mA/1 .3V max at 10mA 

Output 


Saturation Voltage 

1 .3V max at 30mA 

Breakdown Voltage 

30V max 

Itemperature range I 

Operating 

0°C to +70° C | 

Storage 

-40° C to +85° C 1 

I POWER SUPPLY | 

Voltage 

+15VDC ±5% 

Current 

250mA max 

WEIGHT 

290 grams (10 oz) 


MECHANICAL 



Mounting Screws: #4-40, 7/16’ - 6 included with each TM25. Burr-Brown 
model 25MK consists of six #4-40, 7/16" mounting screws, if extras are 
needed. Maximum allowable screw depth: 0.375" 
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APPENDIX 


ADDITIONAL CHARACTERS 

As indicated in the Communications Protocol section, 
transmission from the TM25 to the computer will be: 

1. [I)I)D]: 0-9 (numeric orO - F (hexadecimal), 
decimal point, minus sign. 

2. Z, : A - O 

3. Z_: P - W 

These are the only characters which can be transmitted 
from a TM25 

For transmission to a TM25, the microterminal will 
respond to exactly the same characters as shown above, 
that is: 

1. [1)1)1)]: 0-9 or 0 - F. decimal point, minus sign. 

2. Z,:@, A-O 

3. Z : . P - W 

The TM25 will also respond to other ASCII characters to 
provide the same digit display (0 - F) and to turn on 
function lights if these characters are transmitted to the 
TM25. For Multidrop version, the header protocol must 
be exactly as specified. TheTM25 will not respond to any 


other characters. 

Table A-I shows the entire 1 28-character ASCI I character 
set. 

Table A-I I shows the characters which will appear in the 
digit display for each ASCII character transmitted in 
[DDD], Notice that all characters in columns 1 through 7 
will appear as. characters 0 - F in the digit display. Any 
ASCII character from column 0 will be interpreted by the 
TM25 as a [Delimiter]. 

Table A-I 1 1 shows the function lights which will be 
“turned on” or “turned off” by each ASCII character 
transmitted to the TM25 in [ZiZ:]. 

If for example, PQRSTUVW were transmitted to the 
TM25 as [DDD], 01234567 would appear in the digit 
display. If 1 1 were transmitted to the TM25 as [ZiZ:], 
function lights FI and F5 would light. 

It is recommended for simplicity, that the computer 
transmit the same character set to the TM25 as the TM25 
transmits to the computer. 


TABLE A-I. ASCII Character Set. 




b7 

b6 

bs 

0 

0 

0 

— 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

■ 

b4 

b3 

b2 




n 

n 

D 

D 

n 

H 

a 

0 

0 

0 

0 

0 

NUL 

. dle . 

SP 

0 

@ 

p 

«*. 

no 

0 

0 

0 

1 

1 



l 

1 

A 

Q 

a 

mm 

0 

0 

1 

0 

2 

| 



2 

B 

R 

b 

■■ 

0 

0 

1 

1 

3 



# 

3 

C 

S 

c 

s 

0 

1 

0 

0 

4 

i 

m 

$ 

4 

D 

T 

a 

T 

0 

1 

0 

1 

5 


mi 

% 

5 

E 

U 

e 

U 

0 

1 

1 

0 

6 



& 

6 

F 

V 

f 

V 

0 

1 

1 

1 

7 

BEL 

i 

- 

7 

G 


9 

W 

1 

0 

0 

0 

8 

1 


|y| 

- 

8 

H 

X 

h 

X 

1 

0 

0 . 

' -1 ' 

9 



. 

9 

1 

Y 

i 

y 

1 

0 

1 

0 

10 

LF 

SUB 

* 


J 

Z 

i 

z 

1 

m 

1 

1 

11 

VT 

ESC 

+ 

; 

K 

I 

k 

■■ 

1 


0 

0 

12 

FF 

FS 

. 

< 

L 

\ 

i 

1 

1 

1 

D 

1 

13 

CR 


- 


M 

] 

m 


1 

1 

i 

1 

14 

SO 

RS 


> 

N 

A 

n 

_ 

1 

1 

i 

_L 

15 



/ 

9 

' 

O 


0 
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TABLE A-III. Zi and Z: Characters. 






b7 

0 

0 

0 

n 


1 


1 




1 

■ 





b6 

0 

0 

1 


1 

1 







I 





bs 

0 

1 

0 


1 

1 


1 





■ 

b4 

b3 

b2 

bi 

\COLUMN 

ROWS. 

0 

1 

B 

B 

B 

B 

B 

B 

0 

0 

0 

0 

0 

NUL 

CR 

DLE 

0000 

SP 

0000 

0 


@ 

0000 

p 

0000 


0000 

p 

0000 

0 

0 

0 

1 

1 

SOH 

CR 

DC1 

0001 

0001 

1 

0001 

A 

0001 

Q 

0001 



q 

0001 

0 

0 

1 

0 

2 



0010 

1 

0010 

B 

0010 

R 

0010 



r 

0010 

0 

0 

1 

1 

3 




1 

mu 

i 

JJH 

B 

mi 



B 


0 

1 

0 

0 

4 


. 

$ 

0100 

4 

0100 

D 

0100 

T 

0100 




0 

1 

0 

1 

5 




B 


B 


B 




B 


0 

1 

1 

0 

6 



fm 

1 


B 


B 

im 


B 

mi 

0 

1 

1 

1 




— 







B 


B 


1 

0 

0 

0 

Uni 


CAN 

1000 

( 

1000 

8 


H 

1000 

X 

1000 

h 

1000 

X 

1000 

1 

B 

0 

1 

m 




1 



B 



y 

1001 

1 

0 

1 

0 






H 


B 



z 

1010 

1 

0 

1 

1 





1011 

i 


B 


B 


HI 

1 

1 

0 

0 





< 

1100 

B 






1 

1 

0 

B 





= 

1101 



1 

1101 

m 

1101 

[I 

1 

1 

1 

B 

14 




> 

1110 

H 


B 


n 

1110 

- 

1110 

1 

1 

1 

■ 




/ 

1111 

? 

1111 

1 




0 

1111 

DEL 

1111 


This table indicates the function lights that will be "‘turned on” or “turned off” for each ASCII 
character. 

Z,: XXXX= F4 F3 F2 FI 

Z : : XXXX = Don’t Care F7 F6 F5 
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INTRODUCTION 

If your system’s data/ entry/ control/ display requirements 
are sophisticated but limited in volume, you don’t need to 
buy big, expensive, and fragile CRT’s or printing 
terminals to do the job efficiently. 

The TM27 is a low cost approach to the problem of 
remote data entry, utilizing an RS-422 interface,, to 
accommodate the use of a multiterminal loop arrange- 
ment. While designed as numeric only entry, the 
availability of function keys and lights, digital inputs and 
digital outputs, and the extended character set of the unit 
allows for a wide variety of responses and messages to be 
communicated. 

The TM27 “microterminal” features a numeric/ hexa- 
decimal keyboard and display. The TM27 uniquely 
flexible in application versatility is designed expressly to 
fill the human interface demands of widely dispersed 
control and communications networks in factory data 
collection, machine and process control, energy man- 
agement systems, inventory control, and information 
processing. 

Microterminals, because of their interface flexibility, 
appearance, size, durability, and easy installation, 
function equally well as consoles and control centers for 
instruments and small systems. They also perform as 
input/ output terminals in diagnostic applications. 

You don’t need interface expertise to put the TM27 to 
work for you. ..it communicates in serial ASCII with 
RS-422 conditioning. Baud rates are 300 to 4800 bits per 
second. 

The intended environment for this unit is “multidropped”, 
host-controlled, polled operation. This operation is 
inherently half-duplex. The terminals are prohibited 
from transmitting until requested to do so by the host 
controller. Any entry made previous to pushing the 
ENTER key may be corrected by the operator, but once 
ENTER is pressed, no further entry will be accepted until 
the host requests transmission of the message. An output 
pending LED indicates that a message is waiting to be 
polled by the host. 

A tough, water resistant front panel protects LED 
displays and indicators as well as a numeric keyboard. 
Tactile feedback, and character display confirm operator 
entry and, because of its design simplicity, the micro- 
terminal concept doesn’t require special operator skills or 
training. Depressing a single function key initiates pre- 
programmed action by the CPU. These functions may be 
defined in your CPU’s software. 

The TM27’s very compact design and simple mounting 
on any flat surface makes it quickly adaptable to new or 
existing applications. It measures only 216mm x 1 14mm 
x 15mm (8.5" x 4.5" x 0.6"). When ordered in OEM 
quantities the front panel can contain your corporate or 
system logo. 

You can enter and display numeric and hexadecimal 
data. A 21 -key keyboard allows you to enter messages 6f 


up to eight characters plus decimal point. An 8-character 
display permits review and editing of data entered before 
transmission. Thirty-six different characters can be dis- 
played. Two 8-character message buffers are provided to 
hold output and input messages. 

The keyboard can be locked out by CPU command. Five 
LED indicators are independently controlled by the 
CPU. The five independent LED’s are driven by TTL- 
compatible signals which are also available on the back 
panel connector. These may be used to remotely control 
external equipment such as audible annunicators. 


OPERATION 

DESCRIPTION 

The TM27 is a numeric microterminal which may be used 
as a remote or local data entry and output terminal for a 
host computer system. It is intended to provide a low 
cost, small size, alternative to a CRT terminal. It is 
suitable for applications with a limited amount of data 
interchange, as compared to applications requiring a 
typewriter-style keyboard and multiline display or hard 
copy output. 

The TM27 features a dust proof front panel including a 
21-key keyboard, 8-character display, and five host- 
computer-controllable light emitting diodes (LED’s). 
The keyboard features raised embossing with tactile 
feedback. In addition^ a 26-pin, rear panel connector 
features RS-422 data transmit and data receive. The 
connector is also used to provide power, communications 
rate selection (300 to 4800 bps), remote reset in, and reset 
out address. The host-controllable LED’s are driven by 
TTL-compatible signals which are brought out to the 
back panel connector. 

Up to six I -character function messages may be defined 
by the host system. Function messages may be trans- 
mitted to the host by pressing the front panel function 
message keys. 

For all following descriptions the terms input and output 
shall refer to input to and output from the TM27. 

When the terminal receives a transmission, the data is 
stored in the input buffer and typically displayed. 
However, if keyboard data is being entered before the 
beginning of the host-to-terminal transmission, the input 
data will remain in the input buffer until either ENTER 
or CLEAR is pressed, at which time the input data will be 
displayed. 

The TM27 utilizes a 12-character input buffer, allowing 
the reception of eight displayable characters and a 
decimal point. The remaining three bytes are intended to 
buffer commands from the host. This insures that the 
terminal can always respond to input, thus allowing the 
host to reset it if necessary. 

As each key is pressed, it is entered into the output buffer 
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and the display but not transmitted. When the ENTER 
key is pressed, the output buffer is made ready for 
transmission, as indicated by the output pending LED. 
When the host sends the polling command (‘Request 
Buffer’) while the output pending LED is on, the TM27 
will transmit the buffer to the host. The buffer is prefixed 
by its 2-digit address to verify the source of the message. 
In the event there was an error in the transmission (wrong 
address, parity error, etc.), the buffer can be requested 
again by the “Retransmit Buffer” command. If the 
“Request Buffer” command had been sent again, a null 
message consisting of the terminal’s two-digit address 
followed by a carriage return would be transmitted to 
indicate no new data had been entered. This distinguishes 
between repeated data and new data. 

When the host sends messages or commands to the 
TM27, they must be prefixed by two ASCII digits in the 
range 00 to 63. Address 00 is a special case which is 
accepted by all terminals addressed from 01 to 63. This 
allows a single message to be received by all terminals on 
the multidrop line at the same time. 

A number of microterminals may be connected to a single 
communications port using the RS-422 interface. 

OPERATING INSTRUCTIONS 

READY CONDITION 

When power is applied to the TM27, the display will 
show a “0.” in the left-most character position as the 
ready indicator. In addition, pressing RESET and 
CLEAR will cause the ready condition to be entered. 
Note that in some installations the RESET key may be 
disabled when the unit is installed. 


RECEIVING AN INPUT MESSAGE 

When the TM27 receives an input message, it will appear 
in the display from left-to-right when the carriage return 
is received. The internal message buffer holds up to eight 
displayable characters. For input messages larger than 
eight characters, only the first eight characters are 
retained. The host system must terminate each input 
message with a carriage return (CR). The carriage return 
is not displayed in any way and is not included in the eight 
characters. When the carriage return is received, the 
display will be loaded with the eight characters of the 
message. 

Receipt of another message after (CR) causes the input 
buffer to be cleared except for the characters of the new 
message. Also, if a character key is pressed to start an 
output message, the display shows the keyboard data 
only. 


COMPOSING AN OUTPUT MESSAGE 

As each character key is pressed, the displayed message 
grows from left-to-right. After eight keys have been 


pressed (nine characters including decimal point) the 
display is full. If more than eight characters are pressed, 
only the first eight are retained. The message may be 
edited by pressing CLEAR and inputting the message 
again. When the operator wishes to end the message, it is 
only necessary to press ENTER. When the ENTER key is 
pressed at the end of the line, the display remains until 
new data is entered from keyboard. 

FUNCTION KEYS 

The host system may define up to six 1 -character function 
messages to be stored in TM27 random access memory. 
The operator may send these to the host by pressing the A 
through F keys. When A through F are pressed prior to 
being defined by the host, the letters A - F are transmitted. 
Function messages may not be defined from the keyboard. 

NONDISPLAYABLE CHARACTERS AND 
MISCELLANEOUS INFORMATION 

When ASCII control characters (less than decimal 32) 
are sent to the TM27, they are not shown on the display. 
A function message may be any ASCII character greater 
than decimal 31. 

DETAILED KEY DESCRIPTIONS 

NUMERIC KEYS 

These keys are used for data input from the keyboard. 
Characters enter the display in the left-most position. 
After eight characters have been pressed (nine characters 
including one decimal point) the display is full. 

FUNCTION MESSAGE KEYS 

These keys are used to input function messages from the 
keyboard. The function message may be one of the 
default letters A through F or it may be one RAM based 
user-defined character. When no user-specified character 
definition has been provided, the one character default 
letter A-F appear. For output, the default letter will be 
transmitted unless the host has defined the function 
character. In this case the character will be transmitted as 
defined. 

The six function characters are put in the buffer by 
pressing the A through F keys. 

RESET 

The RESET key allows the TM27 operator to initialize 
the internal functions. Pressing RESET is equivalent to 
turning on the power. Pressing RESET will cause RAM 
based message definitions to be initialized to the power- 
up default characters. A “0.” will be displayed in the 
left-most display position. This key may be disabled at 
installation. 

ENTER KEY 

ENTER is used to enable transmission with a trailing 
carriage return. 
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CLEAR 

Pressing CLEAR causes the current data in the display to 
be cleared. Function LED’s and defined function mes- 
sages are unaffected. If no input message is waiting for 
display, a “0. ’’appears in the leftmost display position in 
the response to pressing CLEAR. 

APPLICATIONS 

COMMUNICATIONS PROTOCOL 

CHARACTER CODES 

The TM27 sends and receives 7-bit, asynchronous ASCI I 
character codes with a start bit, one parity bit (either 
even/ odd parity or marking), and at least one stop bit. 
When in marking state, the parity bit is ignored while 
receiving, but is set to a logic 1 while transmitting. 
Characters with parity error are ignored without notifying 
the host computer. P 1 jumpers select the data receive and 
transmit rate. This rate may be 300, 1200, 2400 or 4800 
bits per second. PI jumpers are described in the 
Installation section. 

Function codes are transmitted as defined or default to 
the letters A through F. 

Upon power-up or reset, function keys default to A 
through F, the keyboard is unlocked, and the display 
contains “0”. ASCII codes less than 20 (hexadecimal) (32 
decimal) are not displayed if part of a message. Other 
codes that are sent as part of a message but not defined in 
the character set of this terminal have no defined 
indicator and may appear in the display in any form. To 
insure that the display does not contain meaningless 
patterns, the user must make sure only codes defined in 
the character set are transmitted as part of a message. 
Examples of compatible host to TM27 connections: 


HOST 

TM27 

1. 7 bits + 2 stop bits 

2. 7 bits + parity + 1 stop bit 

3. 7 bits + parity + 2 stop bits 

4. 7 bits + mark space + 1 or 

2 stop bits 

7 bits + mark + 1 stop bit 

7 bits + parity + 1 stop bit 

7 bits + parity + 1 stop bit 

7 bits + mark + 1 stop bit 


Remember that since communications are asynchronous 
and the standby state is the marking state, extra stop bits 
and marking bits are always acceptable. When parity is 
disabled, the TM27 does not test for parity bit mark or 
space on input. 

CARRIAGE RETURN 

For an input message, the TM27 requires that the 
message be terminated by a carriage return. Carriage 
return is not counted as one of the input characters. 

FUNCTION MESSAGES 

Function messages 1 -character in length may be defined 
by sending XX(ESC)Dz(a)(CR). The z represents the 
function message number 1 through 6. The “a” represents 
any ASCII character greater than decimal 32. Defined 
messages may be deleted by sending a new definition or 
XX(ESC)Dz(CR).XX(ESC)D0(CR) deletes all function 


message definitions. XX is the two-digit address between 
00 and 63. The display buffer shows the defined function 
character when a definition is present in RAM. The 
defined function message is transmitted on output. When 
no message has befen defined, A through F is shown in the 
display. 

COMMAND DESCRIPTIONS 

The TM27 accepts 12 different types of Escape (ESC) 
sequences which serve as special commands, to the TM27. 
These commands consist of character strings starting 
with the 2-digit address followed (shown as XX below) by 
the ASCII control character (ESC) and terminated with a 
carriage return (CR). Intervening characters form the 
particular command. XX is a decimal number from 00 to 
63. 

XX(ESC)A(CR) 

The A command polls the TM27 for any new output 
message which has been entered from the TM27 key- 
board. This command may be used only once per 
message. If another A command is sent before a new 
message is ready, XX(CR) will be the reply indicating an 
empty buffer. 

XX(ESC)B(CR) 

The B command polls the TM27 for a message in its 
output buffer. It may be used to cause the TM27 to 
transmit one entered message any number of times until 
new data is entered from the keyboard. 

XX(ESC)C(CR) 

The C command will clear the input buffer allowing for 
the input of new data regardless of the previous contents 
of the buffer. 

XX(ESC)Dz(a)(CR) 

The D command used with a message is used to define 
function characters in the TM27’s RAM. The z can be 
any number character from 1 through 6 for function 
characters 1 through 6. When “a” is not included in the 
escape sequence, the z function message definition is 
deleted. If z equals 0, all function message definitions are 
deleted. When function messages are deleted from RAM, 
they assume the default values A through F. “a” must be 
an ASCII code above decimal 32. 

XX(ESC)EYn(CR) 

The E command controls the function lights: when n=l, 
turn on function light; when n=0, turn off function light. 
Y is the number of the function light. Only values of Y 
from 1-5 are valid arguments, all others are ignored. 
XX(ESC)Hp(CR) 

Parity control. For p=0, marking; for p=l, odd parity; 
p=2, even parity. Default is marking parity. 
XX(ESC)Jn(CR) 

The J command will lockout keyboard entry (n= 1 ) until 
it is turned off (n=0) or reset occurs. 

XX(ESC)K(CR) 

The K command transmits the contents of the input 
buffer. This permits comparison between what the 
terminal has received and what the host has sent as a 
check on communications lines and circuits. 
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XX(ESC)LD(CR) 

The L command controls turnaround delay. D is in the 
range of 1 to 9, corresponding to 10msec to 90msec 
turnaround delay. Default is 10msec. 

XX(ESC)N(CR) 

The N command reads the three TTL inputs. The TM27 
response is XXr(CR) where r is a value between 0 and 7. r 
is the octal representation of the three digital inputs (11, 


12, 13). 

x 

J3 

11 

ii 




0 

0 

0 

0 

1 

0 

0 

1 

2 

0 

I 

0 

3 

0 

1 

I 

4 

1 

0 

0 

5 

1 

0 

1 

6 

1 

1 

0 

7 

1 

1 

1 


XX(ESC)T(CR) 

The T command effectively resets the terminal. All 
buffers are cleared, the display is reset, function lights are 
turned off, and keyboard activity is interrupted. Function 
definitions are not altered and the keyboard will not be 
unlocked if previously locked. 

XX(ESC)U(CR) 

The U command combines the operation of the A 
command and the N command. The U command polls 
the TM27 for any new output message that has been 
entered from the keyboard and also reads the three TTL 
inputs. The TM27 response to the U command is 
XX(MESSAGE)(CR)XXr(CR). XX is the 2-digit address 
of the TM27. r is a value between 0 and 7. r is the octal 
representation of the three binary inputs (bl, b2, b3) as 
described above. 


PROTOCOL 
Computer to Terminal 


XX(message(CR) 

Input ( message) for display 

XX(ESC)A(CR) 

Transmit request 

XX(ESC)B(CR) 

Retransmit request 

XX(ESC)C(CR) 

Clear input buffer 

XX(ESC)DZa(CR) 

Define function as “a” 

XX(ESC)DZ(CR) 

Clear function 

XX(ESC)DOlCR) 

Delete all function messages 

XX(ESC)EYn(CR) 

Function light and TTL output Y control 

XX(ESC)Hp(CR) 

Parity control 

XX(ESC)Jn(CR) 

Keyboard lock control 

XX(ESC)K(CR) 

Remote enter 

XX(ESC)LD(CR) 

Turnaround delay 

XX(ESC)N(CR) 

Read TTL inputs 

XX(ESC)T(CR) 

Clear all 

XX(ESC)U(CR) 

Reads transmit buffer and TTL inputs 


Terminal To Computer 


XX(MESSAGEXCR) 

Response to (ESC)A,B,K commands 

XX(CR) 

Response to (ESC)A,B,K commands if buffer 


is empty 

XXr(CR) 

Response to N command 


NOTES: 

1 . XX are any decimal digits. Only multidrop addresses in the range from 
00 to 63 have any significance. 00 as an address is special in that any 
and all terminals will respond regardless of their preset address. 
Caution , all terminals will transmit a message if polled with address 00, 


thus if more than one terminal is on the loop a polling command with 
address 00 should not be transmitted. 

2. Function definition “a” limited to one character (any ASCII code above 
decimal 32 acceptable). 

3. n=0 is off (disable feature) n=1 is on (enable feature). 

4. Parity p is 0 to 2. 

5. Y is a number from 1 to 5. 

6. D is turnaround delay. Values of 1 to 9 are valid. 

7. Z is a number from 1 to 6. 

INSTALLATION 

The TM27 is connected to a flat panel surface with six 
#4-40, 7/ 16-inch machine screws using the mechanical 
dimensions given in the Specifications section. A con- 
nector cutout should be provided as indicated in the 
Mechanical Dimensions illustration. 

BACK PANEL CONNECTIONS 

The front panel RESET key is disabled until RESET IN 
and R ES ET OUT are connected by a soldered jumper on 
the back panel mating connector. 

Figure 1 shows the 26-pin connector PI. Table I is a 
listing of pin functions for connector PI, Table II is the 
baud rate table, and Table III is a listing of Polling 
Addresses. 



FIGURE 1. 26-pin Connector PI Back-Panel View. 


TABLE I. List of Connector PI Pins. 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

GROUND 

14 

13 (Digital IN) 

2 

+ POWER SUPPLY 

15 

L4 (Digital Out) 

3 

+OUT (RS-422) 

16 

RESET OUT 

4 

LI (Digital Out) 

17 

L5 (Digital Out) 

5 

-OUT (RS-422) 

18 

A0 

6 

L2 (Digital Out) 

19 

A5 

7 

-IN (RS-422) 

20 

A1 

8 

11 (Digital In) 

21 

A4 

9 

+IN (RS-422) 

22 

A2 

10 

12 (Digital In) 

23 

B0 

11 

L3 (Digital Out) 

24 

A3 

12 

RESET IN 

25 

Bl 

13 

GROUND 

26 

GROUND 


TABLE II. Baud Rate Selection. 


BAUD 

RATE 

Bl 

B0 

300 

1 

1 

1200 

1 

0 

2400 

0 

1 

4800 

0 

0 


1 = connect to power supply. 
0 = connect to ground. 
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TABLE III. Polling Address Selection. 


POLLING 

ADDRESS 

A5 

A4 

A3 

A2 

A1 

AO 


i 0 

0 

0 

0 

0 

0 

0 

Universal 

1 

0 

0 

0 

0 

0 

1 

Address 

2 

0 

0 

0 

0 

1 

0 


3 

0 

0 

0 

0 

1 

1 


4 

0 

0 

0 

1 

0 

0 


5 

0 

0 

0 

1 

0 

1 


6 

0 

0 

0 

1 

1 

0 


7 

0 

0 

0 

1 

1 

1 


8 

0 

0 

1 

0 

0 

0 


9 

0 

0 

1 

0 

0 

1 


10 

0 

0 

1 

0 

1 

0 


IT 

0 

0 

1 

0 

1 

1 


12 

0 

0 

1 

1 

0 

0 


13 

0 

0 

1 

1 

0 

» 1 


14 

0 

0 

1 

1 

1 

0 


15 

0 

0 

1 

1 

1 

1 


16 

0 

1 

0 

0 

0 

0 


• 

• 

• 

• 

• 

• 

• 


• 

• 

• 

• 

• 

• 

• 


• 

• 

• 

• 

' • 

• 

• 


63 

1 

1 

1 

1 

1 

1 



1 = connect to power supoply. 
0 = connect to ground. 



FIGURE 2. Reset in and Reset Out Equivalent Circuit. 


POWER SUPPLY 

The power supply voltage range accepted by the T M 27 is 
8 VDC to 12 VDC. The power supply voltage is this wide a 
range to allow straightforward distribution of low voltage 
operating power. Above 40°C, the maximum power 
supply voltage applied to the TM27 is linearly derated to 
10VDC at 60°C. 

The 8VDC to 12VDC range allows for use of a power 
supply with little regulation and / or for the power supply 
voltage drop of the power lines. The length of line from 
the power supply to the TM27 determines the voltage 
drop. The voltage at the TM27 must not be less than 
8 VDC. For example, the resistance of wire 1mm in 
diameter (#18AWG) is 40 per 100-meter loop (80 for a 
600-foot loop). The TM27 typically draws 0.25 A. The 
voltage drop caused by the current is 1 V (40 x 0.25A) per 
100-meter loop (2V for a 600-foot loop). The resistance 
and voltage drops of wire 2mm in diameter (# 1 2A WG) is 
one-fourth of the above numbers. With a 12VDC power 
supply, the wire resistance voltage drop must be limited 
to 4V or less. Therefore, with one TM27, a 400-meter 
(1200-foot) loop of 1mm diameter (#18AWG) copper 
wire is the longest run possible. If 2mm diameter 
(# 1 2A WG) wire is used, the distance can be four times as 
great: 1600 meters (4800 feet). If more than one TM27 is 


powered from the same power supply and on the same 
wire, the length of wire is reduced proportionally. 
Therefore, with two TM27’s in basically the same 
location, the length of power supply wire is reduced to 
one-half. 

The* following chart indicates the maximum length of 
power supply wire possible with Specific numbers of 
TM27’s at the end of the wire assuming a 12VDC power 
supply. Each TM27 is assumed to draw 0.25A. 


NUMBER OF 
TM27’s 

SIZE OF WIRE | 

2mm 

(#12AWG) 

1mm 

(#18AWG) 

0.5mm 

(#24AWG) 

1 

1600m/4800’ 

400m/1 200' 

100m/300' 

2 

800m/2400' 

200m/600' 

50m/150' 

4 

400m /1 200' 

1 00m/300' 

25m/75' 

10 

160m/480' 

40m/120' 

10m/30' 

20 

80m/240' 

20m/60' 

5m/15' 


Maximum power supply wiring distance. 


The maximum power supply voltage applied to the 
TM27 should be linearly derated from 1 2VDC at ambient 
temperatures of 40°C to 10VDC at 60°C as shown below: 



If the power supply voltage applied to a TM27 exceeds 
the recommended levels shown above a resistor must be 
inserted in series with pin 2 to reduce the power supply 
voltage at the terminal as shown below: 



The series resistance value (R) should typically be a 5H 
resistor to reduce the power supply voltage by up to 1 V dr 
a ion resistor to reduce the voltage by up to 2V. In the 
example above, assume the power line voltage drop to 
units #1 and #2 is approximately IV with a 12VDC 
power supply; this means that the voltage applied to these 
units is about I IV. Therefore, a 5H resistor should be 
used to provide another IV drop to each TM27 if the 
ambient temperature exceeds 40°C. With unit #N, how- 
ever, assuming the power line voltage drop is 3V, the 
power supply voltage applied to the TM27 is 9VDC and 
no series resistor is required at any temperature. 
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SPECIFICATIONS 


Number of Characters 

Internal Buffers: 

8 


Input Buffer 

8 Characters 


Output Buffer 

8 Characters 


Type of Digit Display 

7 Segment LED 


Character Height 

7.6mm (0.3") 


FUNCTION LIGHTS 

Host-Controlled Lights 

5 


Type of Light 

Red, LED 


KEYBOARD 

Type of Keyboard 

Numeric, A-F 


Number of Function Keys 

6 


User-Programmable 

Yes, One Character Each 


MATERIALS 

Front Panel 

Polycarbonate 


Back Panel 

Black Anodized Aluminum 


Case 

The front panel will be attacked 

ABS Plastic 


by these chemicals: 

Chlorinated Hydrocarbons 
Fluorinated Hydrocarbons 
PVC Plasticizing Agents 
Amines 


DO NOT USE FLUOROCARBONS (TMC, FREON, ETC.) TO CLEfi 

DIGITAL OUTPUTS 

Digital Outputs 

5 at 1LSTTL Load 
TTL-Compatible 


SERIAL INTERFACE 

Conditioning 

RS-422 Signal Levels 



Mark 

Space 

Transmit 

(Logic 1) ( 

Logic 0) 

+OUT (pin 3) 

OV 

+5V 

-OUT (pin 5) 

+5V 

OV 

Receive 

-IN (pin 7) 

OV 

+5V 

+IN (pin 9) 

+5V 

OV 

Baud Rate 

300, 1200, 2400, 4800 


Parity Bit 

Number of Terminals per 

Even, Odd, Mark 


Serial Interface 

1 to 63 


Communications Delay 
Maximum Transmission 
Distance 

1msec between messages 


RS-422 

1200 meters (4000 feet) 



TEMPERATURE RANGE 

Operating 

Storage 

POWER SUPPLY 

Voltage Range 
0°C to +40° C 
+40° C to +60° C 
Current 


0°C to +60° C* 
0°C to +60° C 


8VDC to 12VDC 
8VDC to 10VDC* 
250mA typical 
300mA max 

290 grams (10 pz.i 


MECHANICAL DIMENSIONS 



OPTIONS 

None 

ACCESSORIES 

26-pin Mating Connector - 2026MC 

ORDERING INFORMATION 

TM27 is the full part number for the TM27 


‘between +40°C and +60°C the maximum applied power supply voltage 
should be linearly derated from 12VDC to 10VDC. 
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APPENDIX 

ASCII AND DISPLAYABLE CHARACTERS 

The ASCII coded character set is to be used for the general interchange of information among information processing 
systems, communications systems, and associated equipment. The characters to the right of the slash are the 
characters which are displayable by the TM27. Transmitting nondisplayable characters from columns 2 through 7 to the 
TM27 will cause unpredictable characters to appear. Characters from columns 1 and 2 transmitted to the display will be 
ignored except for Escape (27 decimal) and Carriage Return (13 decimal). 



□□□□ 

□□□a 

□□an 

□□no 

ODBC! 

naan 

□nan 

□ana 

naan 

DODD 

Diana 

DEIDD 

anna 

anna 

aana 

anna 





DECIMAL EQUIVALENTS OF ASCII CHARACTERS 


Decimal ASCII Decimal ASCII Decimal ASCII Decimal ASCII Decimal ASCII Decimal 

Code Graphic Code Graphic Code Graphic Code Graphic Code Graphic Code 
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INTRODUCTION 

If your system’s data entry/ control, display requirements 
are sophisticated but limited in volume, you don’t need to 
buy big, expensive, and fragile CRT’s or printing termi- 
nals to do the job efficiently. 

The TM70 “microterminal” features a full alphanumeric 
keyboard and display while the TM76 has an alpha- 
numeric display and a simplified numeric keyboard with 
larger keys. The TM70 and the TM76 - uniquely flexible 
in application versatility - are designed expressly to fill the 
human interface demands of widely dispersed control and 
communications networks - in machine and process 
control, energy management systems, inventory control 
and factory floor data collection, and information pro- 
cessing. Microterminals, because of their interface flexi- 
bility, appearance, size, durability, and easy installation, 
function equally well as consoles and control centers for 
instruments and small systems. They also perform as 1 O 
terminals in diagnostic applications. 

You don’t need interface expertise to put microterminals 
to work for you.. .they communicate in serial ASCI I with 
RS232C or 20mA current loop conditioning. Baud rates 
are 300 or 1200 bits per second. 

A tough, water resistant front panel protects LED 
displays and indicators as well as a full alphanumeric 
keyboard. Tactile feedback, display blinking, and char- 
acter display confirm operator entry and, because of its 
design simplicity, the microterminal cortcept doesn't 
require special operator skills or training. Depressing a 
single function key initiates preprogrammed action by the 
CPU. These functions may be defined in your CPU’s 
software. 

These microterminals’ very compact design and simple 
mounting on any flat surface make them quickly adapt- 
able to new or existing applications. All models measure 
only 216mm x 1 14mm x 15mm (8.5" x 4.5" x 0.6"). When 
ordered in OEM quantities the front panel can contain 
your corporate or system logo. 

You can enter and display alphanumeric data. A 42-key 
keyboard (shiftable to generate 52 characters including 
A-Z and 0-9) allows you to receive or enter messages up to 
36 characters long. A 12-character display - with hori- 
zontal scroll-left or scroll-right keyboard controls - 
permits review and editing of data entered before 
transmission in the polled mode. A 36-character message 
buffer is provided to hold output and input messages. 
Display features include CPU control of scrolling. The 
keyboard can also be locked out by CPU command. Two 
LED indicators(A I, A2) are independently controlled by 
the CPU, three LED’s indicate terminal status. The two 
independent LED’s are driven by open-collector TTL 
signals which are also available on the back panel 
connector. These may be used to remotely control 
external equipment such as audible annunciators. 

It is important to realize that while the microterminal 
products including the TM70 and the TM76 have many 
features, normal operation is very uncomplicated. Vir- 
tually untrained operators can use the microterminal 


products productively. Most special features are invisible 
to the operator. A typical application consists of a series 
of host-system-supplied operator prompts. To each 
prompt, the operator simply keys in a short number or 
message and pushes the ENTER key. The function 
message keys may be used to further simplify operator 
responses. 

OPERATION 

TM70 GENERAL DESCRIPTION 

The TM70 is an alphanumeric “microterminal” which 
may be used as a remote or local data entry and output 
terminal for a host computer system. It is intended to* 
provide a low cost, small size, alternative to a C RT 
terminal. It is suitable for applications with a limited 
amount of data interchange, as compared to applications 
requiring a typewriter-style keyboard and multiline 
display or hard copy output. TheTM76 is the same as the 
TM70 with the exception that it features a simplified 
numeric-only keyboard with larger keys. 

TheTM70 features a dust proof front panel including 52 
characters on a 42-key keyboard, 12-character alpha- 
numeric display, two host-computer-controllable light 
emitting diodes (LED’s), and three status LED's. The 
keyboard features raised embossing with tactile feedback. 
In addition, a 25-pin. D-style, rear panel connector 
features RS232C and current loop data transmit and data 
receive. The connector is also used to provide power, 
communications rate selection (300 or 1200 bps), remote 
reset in and reset out, and parity selection. The host- 
controllable LED’s, labeled A I and A2 on the front panel, 
are driven bv open collector LTL signals which are 
brought out to the back panel connector. 

Up to eight 4-character function messages may be defined 
by the host system. After definition by the host, these 
messages are called by the host for display by sending a 
2-character code (ESC) /; w here / may have the values 1 
through 8. Function messages may be retransmitted to 
the host by pressing the front panel function message 
keys. Thus, they may be used as extensions of the input 
message to the TM70 or as function messages to be 
transmitted by the TM70 operator to the host system. 
For all following descriptions the terms input and output 
shall refer to input to and output from theTM70. Internal 
operation of the TM70 is easily conceived as a 12- 
character display and 36-character message buffer. The 
display may be filled, under operator control, with any 
contiguous 12-character section of the message buffer. 
Display contents are displayed to the operator through 1 2 
alphanumeric LED characters. A host-sent command 
may be used to cause the 36-character message to 
continuously scroll across the display. The message buffer 
is handled differently in nonpolled mode than in polled 
mode. Nonpolled mode and polled mode operation are 
described in the following paragraphs. 

NONPOLLED OPERATION 

In nonpolled operation as each character key is pressed, it 
is immediately transmitted without being displayed. 
Therefore, it is necessary for the host to echo the key to 
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the terminal lor display. 

The ENTER key will transmit the ASCII CR (carriage 
return) character. Nonpolled operation is similar to the 
operation of a standard CRT terminal. 

POLLED OPERATION 

In multidrop mode, as each key is pressed, it is entered 
into the buffer and the display and not transmitted. The 
host cannot echo characters in this mode. When the 
ENTER key is pressed, the buffer is made ready for 
transmission, as indicated by the OUTPUT PENDING 
status LED. When the host sends the polling command 
(‘Request Buffer’) while OUTPUT PENDING is on, the 
TM70 will begin to transmit the buffer to the host. The 
buffer is prefixed by its 2-digit address to verify the source 
of the message. 

I n the event there was an error in the transmission (wrong 
address, parity error, etc.), the buffer can be requested 
again by the “Retransmit Buffer” command. If the 
“Request Buffer” command had been sent again, a null 
message would be transmitted to indicate no new data had 
been entered. This distinguishes between repeated data 
and new data. 

When the host sends messages or commands to the 
TM70, they must be prefixed by two ASCII digits in the 
range 00 to 15. Address 00 is a special case which is 
accepted by all terminals addressed from 01 to 15. This 
allows a single message to be received by all terminals on 
the multidrop line at the same time. 

The 20mA current loops should be used in polled 
operation. See page 7 for suggested connections. A 
number of microterminals may be connected to a single 
communications port using the current loops. The 
number may be limited to less than 15 by electrical 
considerations on some circuits. At 10mA the forward 
drop across the output optical coupler transistor is 1 .3V. 
Fifteen of these total 19.5VDC. If the host current source 
comes from + 12VDC, this obviously won’t work. If 
- 1 2V DC is available, 1 5 units can be connected as shown 
in Figure 5. 

TM76 GENERAL DESCRIPTION 

The TM76 is intended for those applications where an 
alphanumeric display terminal with numericand function 
key data input is adequate. The TM76 keyboard has the 
advantage that it is less complicated for the untrained or 
inexperienced operator. 

The TM76 is functionally identical to the TM70 except 
for the keyboard functions. The TM76 has larger, but 
fewer keys than the TM70. The TM76 offers a numeric 
(0-9) keyboard with function keys. Keyboard functions of 
the TM70 which do not appear on the TM76 are not 
available. The numeric keyboard and 2nd lights are 
unnecessary and have been deleted. Figures 1 and 2 show 
the front panels of the TM70 and TM76. 

The keys of the TM76 are 38% larger and placed on 0.65- 
inch centers as compared to the 0.5-inch centers of the 
TM70. This is the same spacing as used on touch tone 
telephones and allows operators with gloved hands to 
easily use the keyboard. As can be seen from Figures 1 


and 2, the keyboard appears much larger and easier to 
use. For a description of the TM76 key functions, refer to 
those same keys described for TM70 in the Detailed Key 
Descriptions section. 

All matters concerning control features, communications 
protocol, and product specifications not related to the 
keyboard are as for TM70. 
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FIGURE I. TM70 Front Panel. 



FIGURE 2. TM76 Front Panel. 

SELF-TEST MODE 

The TM70 has provision for performing a self-test 
diagnostic routine. Self test is entered by holding down 
any key while RESET is pressed and released. The 

message ‘RAMi iROMi iI/Oi j’ is put in the display 

buffer and the write/ read memory test is performed. If the 
memory test passes, a *+’ is put after ‘RAM ’; if there was a 
failure, a ‘ — ’ is put in the display. 

Similarly, a program ROM checksum is calculated and 
compared with a ROM stored checksum. The same 
pass/ fail indicator is displayed. The I/O is tested by a 
write/ read cycle to the internal I/O device, and a rotating 
test is performed on the Status LED’s. 

This sequence is then repeated until RESET is pressed 
and released while no other key is pressed. This will allow 
the TM70 to perform a normal power-up. The TM70 is 
off-line and will not receive or transmit while in self-test 
mode. 

Self test can be accomplished only if the back panel 
connector reset jumper is connected between pins 19 and 
21 . 

OPERATING INSTRUCTIONS 

READY CONDITION 

When power is applied totheTM70, the display will show 
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the ready indicator, which is a A in the left-most character 
position. In addition, pressing RESE'I and CLEAR will 
cause the ready condition to be entered. Note that in some 
installations the RESET key may be disabled when the 
unit is installed. 

RECEIVING AN INPUT MESSAGE 

When the TM70 receives an input message, it will appear 
in the display from left-to-right until the 12-character 
display is filled. After 1 2 characters the message will scroll 
to the left as each character is received. The internal 
message buffer holds up to 36 characters. For input 
messages larger than 36 characters, only the first 36 
characters are retained. The host system must terminate 
each input message with a carriage return (CR). The 
carriage return is not displayed in any way. When the 
carriage return is received, the display will be reloaded 
with the first 12 characters of the message. In most 
installations this will appear to happen instantaneously. 
When an input message has been received, it may be 
examined by using the message control keys ROT, ROR. 

and*^. These cause a message up to 36 characters in 
length to move left and right in the 1 2-character display. 
Their functions are further described in the detailed key 
descriptions. 

Receipt of another character after (CR) causes the display 
and message buffers to be cleared except for the char- 
acters of the new message. Also, if a character key is 
pressed to start an output message, the display and 
message buffer are cleared of the preceding input message. 
During normal operation an input message replaces any 
previous output message. The host may clear the display 
and message buffer by sending a message consisting ol a 
single blank and a carriage return. 

COMPOSING AN OUTPUT MESSAGE 

As each character key is pressed, the displayed message 
grows from left to right. After 12 keys have been pressed, 
the message scrolls to the left. All characters are retained 
until 36 characters have been pressed. If more than 36 
characters are pressed, only the first 36 are retained. The 
message may be edited by pressing CLEAR and inputting 
the message again or by using the delete key, DEL. Note 
that upper labels are entered by first pressing 2nd, prior to 
each upper label. When the operator wishes to end the 
message, it is only necessary to press ENTER. When the 
ENTER key is pressed at the end of the line, the next 
character entered will cause the message and display 
buffers to be cleared except for the first character of the 
new line. 

FUNCTION KEYS 

The host system may define up to eight 4-character 
function messages to be stored in TM70 random access 
memory. The operator may send these to the host by 
pressing the FI through F8 keys. When FI through F8 are 
pressed prior to being defined by the host, &z (/ = I 
through 8) is transmitted. Function messages may not be 
defined from the keyboard. 


NONDISPLAYABLE CHARACTERS AND 
MISCELLANEOUS INFORMATION 

When nondisplayable ASCII characters are sent to the 
TM70, they are not shown on the display. Howe\er. 
function messages may contain nondisplayable char- 
acters, which will be transmitted correctly but displayed 
as ±/ when buffered in multidrop mode. This applies to 
all 128 characters of the ASCII set. 

The decimal point takes a full character position. 

DETAILED KEY DESCRIPTIONS 

ALPHABET AND SPECIAL pTY — | 

CHARACTER KEYS UULU etc. 

These keys are used for data input from the keyboard. To 
enter the upper character, press the 2nd key prior to each 
upper character. Characters enter the display in the left- 
most position. After 12 characters have been pressed, 
previous characters move one character position to the 
left when a new character is entered. 

ALPHABET AND NUMERIC KEYS 00 etc. 

These keys are used to enter characters from the keyboard. 
The upper characters are entered by pressing 2nd prior to 
each upper character. This is called the Alpha mode. An 
alternate mode is called Numeric mode. In this mode 
these upper characters may be entered by only pressing 
the key. In the Numeric mode pressing 2nd first w ill cause 
the lower character to be entered. The keyboard is put in 
Numeric mode by pressing the A N key. The Numeric 
Keyboard LED is on while the keyboard is in Numeric 
mode. To exit Numeric mode press A N again. Alpha 
mode is the power-up and Reset mode. 

FUNCTION MESSAGE KEYS QGD etc - 

These keys are used to input function messages from the 
keyboard. The function message may be one of the 
default strings &z or it may be a RAM based user defined 
string. When no user specified string definition has been 
provided, the two characters of the default string appear. 
Fora user defined value, the one to four characters of the 
string definition appear in the display. The z denotes 1 
through 8 for function messages 1 through 8. 

All function messages are transmitted to the TM70 on the 
communications line as (ESC)z. For output, the default 
string will be transmitted unless the host has defined the 
function message. In this case the message will be 
transmitted as defined. 

The eight function messages are put in the buffer by 
pressing the FI through F8 keys or by the host trans- 
mitting (ESC)z. 

When no message has been defined by the host, default 
strings appear in the display as &z. The z will be 1 through 
8 for a total of eight values. 

FUNCTION MESSAGE AND 
DISPLAY CONTROL KEYS eDUiJ etc. 

These keys, when used as function message keys, are the 
same as the previously defined function keys. When used 
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with the 2nd key, they move the display buffer to the 
right-most 12 characters (-^), or to the left-most 12 
characters (►), of the message buffer. 

DISPLAY CONTROL AND TERMINAL CONTROL 
KEYS @[K) 

ROL/ ROR 

Pressing ROL will cause the message to move one 
character position to the left or until the last character of 
the message being examined is in the right-most position 
of the display. Pressing ROR causes the message to move 
one character to the right or until the first character of the 
message under examination is in the left-most display 
position. When held down, ROL and ROR auto-repeat. 

ESCAPE 

When ROL is prefixed by 2nd, the ASCII control code 
(ESC) is produced. In multidrop mode this is displayed as 
id. 

CONTROL 

When ROR is prefixed by 2nd, the next alphabetic 
character is converted to the corresponding ASCI 1 control 
code which in multidrop mode is displayed as dd . 

RESET Q| 

The RESET key allows the TM70 operator to initialize 
the internal functions. Pressing RESET is equivalent to 
turning on the power. Pressing RESET will cause RAM 
based message definitions to be initialized to the power- 
up default strings. The ready indicator (A) will be 
displayed in the left-most display position. This key may 
be disabled at installation. RESET is also used to enter 
self-test mode, see page 2. 

SECOND KEY0 

The second key, 2nd, is used to enable the upper labels of 
those keys having upper labels. For example, the key 
sequence Q Qj] QJ causes +U to be transmitted. 
When the keyboard is in Alpha mode as indicated by the 
Numeric Keyboard status LED being off, (j“j 
causes 2 to be transmitted. Pressing 2nd prior to a key 
which has no upper label causes the lower label to be 
transmitted and the internal 2nd mode cleared, as in- 
dicated by the ‘2nd’ LED going off. 

SPACE AND DELETE (0 

Space causes a space to be transmitted .The action of the 
DEL key depends on the mode. In normal mode the DEL 
key causes the ASCII DEL character to be transmitted 
when it is pressed. If the host echos the DEL back to the 
TM70, the last character in the buffer will be deleted. In 
multidrop mode the DEL key will delete the last character 
held in the buffer if there is one. 

ALPHA/NUMERIC KEY0 

Pressing the A/'N key causes the keyboard to enter the 
Numeric mode. The upper white on black labels become 
lower labels not requiring the 2nd key before entry. The 


lower labels become upper labels and require the use of 
the second key for entry. The front panel Numeric LED 
comes on to indicate the keyboard, is in Numeric mode. 
Press A/ N to return to Alpha mode. Alpha mode is also 
the power-up and reset mode. 

ENTER KEY0 

ENTER is used to terminate an output message with a 
carriage return in normal mode and to enable transmis- 
sion with a trailing carriage return in multidrop mode. 
See also the sections on Polled and Nonpolled Operation. 

CLEAR @ 

Pressing CLEAR causes the message buffer and display 
to be cleared. The Numeric Keyboard LED goes off 
meaning the terminal is in Alpha mode. Al, A2 LED’s 
and defined function messages are unaffected. RESET 
has the same function as CLEAR, but in addition clears 
A 1 , A2 LEDs and defined function messages. The ready 
indicator (A) is displayed in the left-most display position 
in response to pressing clear. 


APPLICATIONS 


COMMUNICATIONS PROTOCOL 


CHARACTER CODES 


The TM70 sends and receives 7-bit, asynchronous ASCII 
character codes with a start bit, one parity bit, and two 
stop bits. One, one and one-half, or two stop bits will be 
accepted for input. When parity is disabled, a mark or 
space, as determined by PI jumpers, is inserted lor the 
parity bit. Parity may be even or odd and is selected by 
jumpers On PL Characters with parity errors are displayed 
as id. These jumpers also select the data receive and 
transmit rate. This rate may be 300 or 1200 bps. PI 
jumpers are described in the Installation section. 


Examples of compatible host to TM70 connections: 


Host 

1 . 7 hits + 2 stop bits 

2. 7 bits + parity + I stop bit 

3. 7 bits + parity + 2 stop bits 

4. 7 bits + mark space + I 
or 2 stop bits 


TM70 

7 bits + mark + 2 stop bits 
7 bits + parity + 2 stop bits 
7 bits + parity + 2 stop bits 
7 bits + mark space + 2 
stop bits 


Remember that since communications are asynchronous 
and the standby state is the marking state, extra stop bits 
and marking bits are always acceptable. The TM70 does 
not test for bit 8 mark or space on input. 


CARRIAGE RETURN 

For an input message, the TM70 requires that the 
message of up to 36 characters in length be terminated by 
a carriage return. Carriage return is not counted as one of 
the input characters. 


FUNCTION MESSAGES 

Function messages of up to four characters in length may 
be defined by sending (ESC) D z( MESSAGE) (CR). The 
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/ represents the function message number I through 8. 
Defined messages may be deleted by sending a new 
definition or (ESC) D z(CR). (ESC) D 0(CR) deletes all 
function message definitions. 

To call a function message, the host sends (ESC) / within 
a normal message or merely ( ESC) Z (CR). This causes the 
function message to be entered into the 36-character 
message buffer. The display buffer shows the defined 
function message when a definition is present in RAM. 
The defined function message is transmitted on output. 
When no message has been defined, &/ is shown in the 
display. &/ is also transmitted in an output message when 
no function message has been defined. 


COMMAND DESCRIPTIONS 

The TM70 accepts nine different types of Escape (ESC) 
sequences which serve as special commands to the TM70. 
These commands consist of character strings starting with 
the ASCII control character (ESC)and terminated with a 
carriage return (CR). Intervening characters form the 
particular command. 


(ESC) Jn (CR) 

When n = 1 the TM70 keyboard is locked out. The 
keyboard is enabled if n = 0. 

INPUT MESSAGE SUMMARY 

Host CPU to TM. 


(MESSAGE) (CR) 

; input message 

(ESC) A (CR) 

; request buffer 

(ESC) B (CR) 

; retransmit buffer 

(ESC) Dz (MESSAGE) (CR) 

; define function 
message 

(ESC) Dz (CR) 

; delete function 
message 

ESC) DO (CR) 

; delete all function 
messages 

(ESC) En (CR) 

; output to Al LED 

(ESC) Fn (CR) 

; output to A2 LED 

(ESC) Gn (CR) 

; set scroll mode 

(ESC) Jn(CR) 

; set keyboard lockout 


NOTE: Parenthesis are not actually encoded. Shown for 
copy clarity only. No imbedded blanks allowed. 
Lower case letters represent variables. 


(ESC) A (CR) 

The A command polls the TM70 for any new output 
message which has been entered from the TM70 key- 
board. This command may be used only once per 
message. 

(ESC) B(CR) 

The B command polls the TM70 for any new or old 
message in its output buffer. It may be used to cause the 
TM70 to transmit one entered message any number of 
times. 

(ESC) Dz (MESSAGE) (CR) 

The D command used with a message is used to define 
function messages in the TM70’s RAM. The z must be 
any number character from 1 through 8 for function 
messages 1 through 8. When the MESSAGE is not 
included in the escape sequence, the z function message 
definition is deleted. If z equals 0, all function message 
definitions are deleted. When function messages are 
deleted from RAM, they assume the default values &z. 

(ESC) En (CR) 

This command is used to set the A 1 LED on or off. If n = I , 
the LED is turned on. It is turned off for n = 0. The back 
panel A I TTL output is pulled low when the LED is on. 


OUTPUT MESSAGE SUMMARY 


TM to Host CPU. 

; response to pressing a key in non- 
polled mode. 

; response to ENTER key, (ESC) 

A (CR), or (ESC) B(CR). 

; response to (ESC) A (CR), when 
output buffer is empty or has 
previously been accessed with 
(ESC) A(CR). (ESC) B(CR) 
may be used to obtain previously 
transmitted messages. If the 
buffer has been cleared or reset, 
(CR) is transmitted in response to 
(ESC) B (CR). 

NOTES: _ _ ~ ——————— 

1. z = function message number 1 through 8. 

2. n = control character, 0 = off, 1 = on. 

3. 1 n polled mode all messages, commands, and replies will 
have a 2-digit address prefix (see Polled Operation 
section). 


(Character) 
(MESSAGE) (CR) 
(CR) 


INSTALLATION 

The TM70 is connected to a flat panel surface using six, 
4-40, 7/ 16-inch machine screws using the mechanical 
dimensions given in the Specifications section. A con- 
nector cutout should be provided as indicated. 


(ESC) Fn (CR) 

This command serves for A2 as the previous E command 
does for Al. 

(ESC) Gn (CR) 

When n = 1 the display continuously scrolls through the 
message buffer. Scrolling is stopped with n = 0. 


BACK PANEL CONNECTIONS 

The front panel RESET key is disabled until RESET IN 
and RESET OUT are connected by a soldered jumper on 
the back panel mating connector. The communication 
rate may be set to 1200 bits per second by connecting pin 
1 1 to the ENABLE pin. If pin 1 1 is left unconnected, the 
communication rate will be 300bps. Parity and word 
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format may be selected by connecting pins 9 to 10 to the 
ENABLE pin as indicated by the zeros in Table 1. Logic 
one is obtained by leaving the pin unconnected. The 
format is 7 bits plus a mark, space or parity bit. 
Remember that the communications are asynchronous; 
therefore, it is always acceptable to have more than the 
required number of stop and/or marking bits. 

Nonpolled operation is obtained by having AO through A3 
open. This represents address 0000. Polling address 01 is 
obtained by connecting A0 to ENABLE. 


Connector wiring for PI (see Figure 3) may be accom- 
plished with the aid of Tables I, II, III, and IV. 


Accepts #4-40 screw 


1.852 (REF) 


O O 
OO 


nn i x 
ooooooooooo) X 
)OOOOOQOOOO / T 


Protrudes 0.3 inches from back panel 
Mates with • TWR Cinch 0B-25P 
Burr-Brown 2525MC 

The 2525MC consists of the following AMP Inc. part numbers: 

1. Male HOP connector - 205208-1 

2. Individual pins (solder connector) • 1 -66506-0 

3. Hand tool to insert pins in connector - 91067-2 

4. Male screw retainer kit - 205980 1 

5. Shield assembly -205718-1 


FIGURE 3. 25-Pin D Style Connector PI - Back 


Panel View. 


TABLE 1. Setting the Parity Bit. 


PI 

PO 

Parity Bit 

0 

0 

Even 

0 

1 

Odd 

1 

0 

Space 

1 

1 

Mark 

Logic 1 is open. 

Logic 0 is jumpered to ENABLE i pin 2 1 . 

Stop bits: 1, 1-1/2, or 2 bits on input 

2 stop bits on output. 

Parity errors displayed as\£j. 

Mark/space not detected on input. 

Logic 1 = Mark 


TABLE II. Polling Address Selection. 


Polling Address 

AO 

A1 


S3 

0 

0 

0 

0 

0 Nonpolled 

1 

0 

0 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

7 

0 

1 

1 

1 

8 

1 

0 

0 

0 

9 

1 

0 

0 

1 

10 

1 

0 

1 

0 

11 

1 

0 

1 

1 

12 

1 

1 

0 

0 

13 

1 

1 

0 

1 

14 

1 

1 

1 

0 

- 15 

1 1 1 

Logic 1 is jumpered to ENABLE 
Logic 0 is open 

1 

ipin 12i 


TABLE III. Setting the Baud Rate. 


Baud Rate 

BO 

300 

1200 

1 

0 


TABLE IV. Listing of Connector PI Pins. 


See Note 

Pin 

Function ) 

4 

1 

2 

3 

Supply RTN 

TX \ 

RX \ 

RS232C 

5 

4 

REQUEST TO SEND 

OUTPUT 

5 

5 

CLEAR TO SEND 

INPUT 

1 

6 

A1 LED 


4 

7 

Signal Ground 


1 

8 

A 2 LED 



9 

PO 



10 

PI 



11 

BO 


2 

12 

ENABLE 



13 

(NO CONNECTION i 



14 

+5VDC 



15 

-IN i 



16 

17 

+IN 1 

-out ; j 

20mA Current Loops 


18 

+OUT | 


3 

19 

RESET IN 


6 

20 

DATA TERMINAL READY 

OUTPUT 

3 

21 

RESET OUT 


7 

22 

A0 I 



23 

24 

AL } 

A 2 I 

' Polling Address 


25 

A3 ' 



NOTES: 

1 . A1 and A2 are logic low i< 0.4V at 1 ,6mA sink > when LED is on. 

2. 0 = Jumper to ENABLE t pin 1 2 r, 1 = Open, for PO, PI and BO. 

3. To enable RESET, jumper between RESET IN and RESET OUT. 

4. Supply RTN and Signal RTN internally connected. 

5. Pins 4 and 5 are internally connected. 

6. Pin 20 is internally connected to +12V through 150011. 

7. Nonpolled mode is address 0000 with pins 22 through 25 open. 

1 = Jumper to ENABLE. 0 = Open. 


RESET IN AND RESET OUT 
EQUIVALENT CIRCUIT 



RS232C ELECTRICAL 
SPECIFICATIONS 
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Output Equivalent Circuit: 

TX 0- 


+12VDC 



Short circuit protected f -12V0C 

Output Current (short circuit to ground) > 3mA 


MARK ^ -6.0V with 3kn load 
SPACE +aOV with 3k n load 

Maximum recommended transmission distance is 15 
meters (50 feet). 


CURRENT LOOP ELECTRICAL 
SPECIFICATIONS 


Input Voltage Drop ^ 1.3V at 35mA 

^ 1.2V at 20mA 
^ 1.2V at 10mA 


Input Minimum Current 10mA 
Input Maximum Current 35mA 
Output Voltage Drop ^ 1.3V at 10mA 
^ 1.3V at 20mA 
^ 1.4V at 35mA 


CURRENT LOOP COMMUNICATIONS 
WIRING CONNECTIONS 

TM70 units may be connected to one or more hosts by 
using the two 20mA current loop circuits. Optical coupling 
devices are used to electrically isolate TM70 from these 
circuits. Figures 4 and 5 illustrate connections to typical 
host communications circuits. 


Output Current Minimum 20mA 

Output Voltage Drop x Output Current must be 

^ 250mV. 

Output Current must be limited by the external circuit. 
Maximum applied voltage is 30V DC. 

Maximum recommended transmission distance is 1500 
meters (5000 feet). 



FIGURE 4. Single-drop Connection - Polled or 


Nonpolled Operation. 



FIGURE 5. Multidrop Connection - Polled Operation. 


LOOP POWER SOURCE 

A distance limitation for current loop that should be 
considered is the compliance of the loop power source. 
The forward voltage drop across the output transistor is 
1.3V maximum. The loop power source must be able to 
drive 1 .3 V plus the voltage drop produced by the resistance 
of the wire in the communications line. 

The resistance of wire 1 mm in diameter (#18AWG) is 4(1 
per 100-meter loop (13(1 per 1000-foot loop). The voltage 
drop caused by the resistance of the wire is 0.08V per 
100-meter loop (0.25 V per 1000-foot loop). The resistance 
of wire 0.5mm in diameter (#24AWG) is 16(1 per 100- 
meter loop (51(1 per 1000-foot loop), so that voltage drop 
will increase by a factor of four. The sum of output 
transistor drops and wire resistance drops must be held 
within the compliance range of the current supplying 
circuit. As an example, with 10 microterminals and 1000 
feet of # 18 A WG wire, the loop power supply must be: 10 
terminals x 1.3V per terminal = 13V plus 0.25V for wiring 
for a total of 1 3.25V. 
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SPECIFICATIONS 

DISPLAY 

Number of Characters 12, alphanumeric 

Internal Buffer 36 characters 

Type of Digit Display 16 segment 

Character Height 3.6mm (0.14") 

FUNCTION LIGHTS 
Host Controlled Lights 2 

Status Lights 3/ 1 

Type of Light Red, LED 

KEYBOARD 

Type of Keyboard Alphanumeric/ Numeric 

Number of Function Keys 8 

User Programmable Yes, up to 4 characters each 

MATERIALS 

Front Panel Polycarbonate 

Back Panel Black Anodized Aluminum 

Case ABS Plastic 

The front panel will be 

attacked by these chemicals: Chlorinated or Fluorinated 
Hydrocarbons 
PVC Plasticizing Agents 
Amines 

DO NOT USE FLUOROCARBONS (TMC, FREON, 
ETC.) TO CLEAN! 


TTL OUTPUTS 

TTL Outputs 

2 at 1LSTTL Load 

Open collector 

SERIAL INTERFACE 

Conditioning 

RS232C/ V.24 and 20mA 
Current Loop 

Baud Rate 

300, 1200 

Parity Bit 

Even, Odd, Space, Mark 

Number of Terminals per 

Serial Interface 

1 to 15 

Communications Delays 

None - TM70/76 do not 
require delays between 
messages or commands 

Maximum Transmission 

Distance 

RS232C/V.24 

15 meters (50 feet) 

20mA Current Loop 

1500 meters (5000 feet) 

RS232C 

Output Voltage 

Logic I 

-10VDC 

Logic 0 

+ 10VDC 

Input Voltage 

Logic 1 

-3VDC to +15VDC 

Logic 0 

+3VDC to +15VDC 


20mA Current Loop 
Input 

Forward Voltage Drop 1.3V max at 30mA/ 1.2V 
max at 20mA 

Output 

Saturation Voltage 1 .3V max at 20mA 

Breakdown Voltage 30V max 

TEMPERATURE RANGE 
Operating 0°C to +60°C 

Storage 0°C to +60°C 

POWER SUPPLY 

Voltage +5VDC ±5% 

Current 600mA max 

WEIGHT 290 grams ( 10 oz.) 

MECHANICAL DIMENSIONS 


OPTIONS 

None 

ACCESSORIES 

25-pin Mating Connector - 2525MC 

ORDERING INFORMATION 

TM70 is the full part number for the TM70 
TM76 is the full part number for the TM76 
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APPENDIX 

AMERICAN NATIONAL STANDARD CODE FOR INFORMATION INTERCHANGE 


This coded character set is to be used for the general interchange of information among information processing systems, 
communications systems, and associated equipment. 


b7 

sb6 

\b5- 
B, \ 


0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


b4 

b3 

b2 

bi 

\^OLUMN 

ROW + 

0 

1 

2 

3 

4 

5 

6 

7 


0 

0 

0 

0 

0 

NUL 

DLE 

SP 

0 

@ 

P 

■ 

P 

0 

0 

0 

1 

1 

SOH 

DC1 

! 

1 

A 

Q 

a 

q 

0 

0 

1 

0 

2 

STX 

DC2 


2 

B 

R 

b 

r 

0 

0 

1 

1 

3 

ETX 

DC3 

# 

3 

C 

S 

c 

s 

0 

1 

0 

0 

4 

EOT 

DC4 

$ 

4 

D 

T 

d 

t 

0 

1 

0 

1 

5 

ENQ 

NAK 

% 

5 

E 

U 

e 

u 

0 

1 

1 

0 

6 

ACK 

SYN 

& 

6 

F 

V 

f 

V 

0 

1 

1 

1 

7 

BEL 

ETB 


7 

G 

W 

9 

w 

1 

_0_ 

_0_ 

_0_ 

8 

BS 

CAN 

( 

8 

H 

X 

h 

X 

1 

J0_ 

_0_ 

1 

9 

HT 

EM 

) 

9 

1 

Y 

iy 

y 

1 

_0_ 

1 

0 

10 

LF 

SUB 

* 


J 

Z 

j 

z 

1 

_0_ 

1 

1 

11 

VT 

ESC 

+ 


K 

[ 

k 

{ 

1 

1 

0 

0 

12 

FF 

FS 



L 

X 

1 

1 

1 

1 

0 

1 

13 

CR 

GS 

- 

= 

M 

1 

m 

} 

1 

1 

1 

_0_ 

14 

SO 

RS 


> 

N 

/\ 

n 


1 

1 

1 

1 

15 

SI 

US 

/ 

? 

0 

- 

0 

DEL 




Control ■ CTRL characters, i.e.. CTRLX is CAN, etc. 


DECIMAL EQUIVALENTS OF ASCII CHARACTERS 


Decimal 

Code 

ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 


ASCII 

Graphic 


ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 

000 

NUL 

022 

SYN 

044 


066 

B 

088 

X 


n 

001 

SOH 

023 

ETB 

045 

_ 

067 

C 

089 

Y 

111 

0 

002 

STX 

024 

CAN 

046 


068 

D 

090 

Z 

112 

P 

003 

ETX 

025 

EM 

047 

/ 


E 

091 

1 

113 

q 

004 

EOT 

026 

SUB 

048 

0 

070 

F 

092 

\ 

114 

r 

005 

ENQ 

027 

ES 

049 

1 

071 

G 

093 

] 

115 

s 

006 

ACK 

028 

FS 

050 

2 

072 

H 

094 

A 

116 

t 

007 

BEL 

029 

GS 

051 

3 

073 

1 

095 

— 

117 

u 

008 

BS 

030 

RS 

052 

4 

074 

J 

096 


118 

V 

009 

HT 

031 

US 

053 

5 

075 

K 

097 

a 

119 

w 

010 

LF 

032 

SP 

054 

6 

076 

L 

098 

b 

120 

X 

011 

VT 

033 

I 

055 

7 

077 

M 

099 

c 

121 

y 

012 

FF 

034 


056 

8 

078 

N 

100 

d 

122 

z 

013 

CR 

035 

ff 

057 

9 

079 

O 

101 

e 

123 

{ 

014 

SO 

036 

$ 

058 


080 

P 

102 

f 

124 


015 

SI 

037 

% 

059 


081 

Q 

103 

9 

125 

i 

016 

DLE 

038 

& 

060 

< 

082 

R 

104 

h 

126 

ru 

017 

DC1 

039 


061 

= 

083 

S 

105 


127 

DEL 

018 

DC2 

040 

( 

062 

> 

084 

T 

106 

j 



019 

DC3 

041 

) 

063 

? 


U 





020 

DC4 

042 


064 

@ 

086 

V 





021 

NAK 

043 

+ 

065 

A 

087 

w 


Hi 




LF = Line Feed, FF = Form Feed, CR = Carriage Return, DEL = Rubout. 
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DISPLAYABLE CHARACTERS 


CHARACTER SET 




DO 

0 

i 

0 

1 

0 

1 

0 

1 



0 

0 

1 

1 

0 

0 

1 

1 


V* 

0 

0 

0 

0 

1 

i 

1 

1 

0605 04 03\ 









0 

1 

0 

0 


* 

If 

H 

s 

% 

E9 

B 

0 

1 

0 

1 

/ 

\ 

\ 

/ 

7r ( 

i 

T 

/ 

-- 

■ 

B 

0 

1 

1 

0 

n 

IJ 

1 

1 

1 

C 

1 

J 

u 

1 

c 

m 

B 

0 

1 

1 

1 

8 

0 


/ 

/ 

/_ 


B 

B 

1 

0 

0 

0 

Cu 

0 

1 i 

Tl 

_IJ 

f~ 

L. 

Tl 

JJ 

C' 

L_ 

B 

B 

1 

0 

0 

1 

i i 

n 

T 

-L 

T 

Li 

K 

l 

l__ 

1 1 

B 

B 

1 

0 

1 

0 

n 

i 

i — , 

R 

5 

T 

/ 

1 1 
LJ 

B 

Q 

1 

0 

1 

1 

\/ 

/\ 

\/ 

I 

~7 

C. 

r 

i_ 

\ 

\ 

1 

j 

B 

B 


NOTE: All nondisplayable characters ( f 

entered from keyboard are displayed as Z> • 
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COMMUNICATIONS CHECKOUT PROGRAMS 


The following programs are provided as examples of short programs written in high level languages which might be used to 
verify that a TM70 is properly connected to a computer communications port. They are not intended as full applications 
programs, although they might be used as seeds for the development of a particular application. The BASK' programs were 
tested at 300 baud. Depending upon the speed of the particular BASIC installation, the programs may or may not be able to 
keep up at 1200 baud. This is due to the fact that the polling program inputs and outputs one character per statement. The 
nonpolled BASIC program should work at the higher data rate since it receives and then echoes character-by-character as 
the operator presses each TM70 key. The third program is written in FORTRAN. It reads and writes entire character lines 
and works at higher data rates. However, it uses calls to two system programs that are available on many Digital 
Equipment Corporation PDP 11/34 RSX-1 1 M systems. They are GETADR and WTQIO. GETADR finds theaddresses 
of LINE and POL variables. WTQIO sends the polling command and reads the command immediately. 

It is not intended that these programs will work in systems other than the ones for which they were written. However, 
programs of similar brevity should be possible with any computer system. The nonportability of the programs is due to 
their use of various system features. The BASIC programs use a terminal driver called AT: to initialize the communications 
port. The FORTRAN program uses calls to system-supplied subroutines GETADR and WTQIO. 


CHARACTER ECHO FROM BASIC 

10 OPEN “O” #1, “AT:” 'SET UP UART; AT: MUST BE LOADED FROM SYSTEM LEVEL 
20 REM FILE “TM70S” USED TO VERIFY COMMUNICATIONS CONNECTION TO TM70 
30 REM NONPOLLED OPERATION IS ASSUMED 
40 REM 

50 REM MAIN PROGRAM 

60 REM 

70 REM LOOP UNTIL A CHARACTER COMES IN AND THEN ECHO THE CHARACTER 
80 REM SUBTRACT 128 SINCE TM70 SETS BIT 8 
90 I F( IN P(229) AND 1)0 1 THEN GOTO 150 
100 C= INP(224) -128 
110 OUT 224, C 

120 REM DELAY TIL CHARACTER IS TRANSMITTED 

130 FOR J = I TO 20 

140 NEXT J 

150 GOTO 90 

160 STOP 

170 END 


The numbers 224 and 229 are I/O addresses for the communications port. 


POLLING TM70 FROM BASIC 


10 OPEN “O”, #1, “AT:” SET UP THE UART; AT: MUST BE LOADED AT SYS I EM LEVEL 
20 REM FILE “TM70P” USED TO VERIFY COMMUNICATIONS CONNECTION TO I M70 
30 REM POLLED OPERATION ASSUMED 
40 DIMC(36) 

50 REM 

60 REM . MAIN PROGRAM 

70 REM 

80 REM POLL FOR INPUT 
90 GOSUB 380 
100 REM GET INPUT LINE 
110 GOSUB270 

120 REM PRINT INPUT LINE, BUT SUPPRESS ADDRESS AND CARRIAGE RETURN 

130 FOR J = 3 TO 1 

140 PRINT CHR$(C(J)); 

150 NEXT J 

160 REM PRINT CARRIAGE RETURN IF MORE THAN ADDRESS HAS BEEN RECEIVED 
170 1F(1>3) THEN PRINT CHR$(13) 

180 GOTO 90 
190 STOP 
200 END 
210 REM 

220 REM LINE INPUT ROUTINE. 

230 REM 

240 REM TEST INPUT STATUS AND LOOP TIL A CHARACTER IS RECEIVED 

250 REM SUBTRACT 128 SINCE TM70 SETS BIT 8 

260 REM RETURN WHEN CARRIAGE RETURN IS FOUND 

270 1 = 1 

280 I F( I N P( 229) AND 1)0 1 THEN GOTO 320 

290 C(I)= INP(224)-128 

300 I F(C( I ) = 13) THEN GOTO 330 

310 1 = 1+1 

320 GOTO 280 

330 RETURN 

340 REM 

350 REM POLLING ROUTINE 

360 REM 

370 REM TRANSMIT THE SEQUENCE 01(ESC)A(CR) TO POLL I M70 

380 OUT 224,48 : GOSUB 440 

390 OUT 224,49 : GOSUB 440 

400 OUT 224,27 : GOSUB 440 

410 OUT 224,65 : GOSUB 440 

420 OUT 224,13 : GOSUB 440 

430 RETURN 

440 REM 

450 REM DELAY TIL CHARACTER IS TRANSMUTED 

460 REM 

470 FOR K = 1 TO 20 
480 NEXT K 
490 RETURN 


Note that the 01(ESC)A(CR) sequence is accomplished by outputting 48, 49, 27, 65, 13 to the 1 O address 224, These 
numbers are merely the decimal equivalents of the ASCII binary values of the corresponding characters of the tables on 
page 7. For example, 0 is given as 01 10000 = 2 s + 2 4 = 32 + 16 = 48. 

The numbers 224 and 229 are I O addresses of the communications port. 
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POLLING TM70 FROM FORTRAN 

This program was run on DEC’s FORTRAN IV under RSX 1 1 M version 3.2. The program continuously polls a I'M 70 
addressed as unit 1 . Any new message from the terminal will be printed on the console until the message S TOP is received. 
This ends the program. The TM70 is connected to the host computer as terminal 1 7 (1117:). It uses the system supplied 
subroutine GETADR to obtain the address of the LINE and POL variables. The system supplied subroutine W'lQIO 
sends the polling message and receives the response immediately. 

PROGRAM TMDEMO 
INTEGER PARAMS(6),TEM P(2) 

LOGICAL* 1 L1NE(80),POL(5) 

DATA PAR AMS(2) 80 ,PARAMS(3) 0 ,PARAMS(5) 5 ,PARAMS(6) 0 
DATA POL(l) ‘O’ ,POL(2) T ,POL(3) 27 .POL(4) ‘A’ ,POL(5) 13 
CALL GET ADR(TEMP, LINE, POL) 

PARAMS( I )= I EM P( 1 ) 

PARAMS(4)=TEMP(2) 

C ASSIGN TERMINAL 17 AS LOGICAL DEVICE 6 
CALL ASSIGN(6,TTI7:’) 

WR1TE(5,100) 

100 FORM ATfPOL LING TERMINAL I ’) 

C MAIN PROGRAM - POLL. Til. “STOP” IS RECEIVED 
200 LIN E(3)=‘ ’ 

CALL WTQIO(“4400 6,3,,,PAR AMS) 

IF ( LINE(3).EQ.°) GOTO 200 
WR 1 1 E(5,260) LINE 
260 FORMAT( k \80Al ) 

IF (L1NE(3) .NE.‘S’) GOTO 200 
IF (LINE(4) .NE.‘T’) GOTO 200 
IF (LINE(5) .NEXT) GOTO 200 
IF (LINE(6) .NE. k P’) GOTO 200 
STOP 
END 

MICROTERMINAL OPTION CONNECTION SUMMARY 

The RS232C and 20mA current loop pin connections are contained in the rear panel DB-25 connector. All options are 
selected by interconnecting pins on the same connector. The option selections are summarized below. The DB-25 
connector pinout is shown in Table IV on page 6. All other tables referred to below are also on page 6. 


Parity 

Parity selection (pins 9 and 10) is shown in Table I. With both parity pins open, the microterminal will operate with Mark 
parity. 

Baud Rate 

Baud rate selection (pin 1 1) is shown in Table III. With pin 1 1 open, the microterminal will operate at 300 baud. 

Polling Address 

Polling address selection (pins 22, 23, 24, and 25) is shown in Table II. With all polling address pins open, the 
microterminal will operate in the nonpolled mode. 
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INTRODUCTION 

If your system’s data entry/ control/ display requirements 
are sophisticated but limited* you don’t need to buy big, 
expensive and fragile CRT’s or printing terminals to do 
the job efficiently. 

“Microterminals” - uniquely flexible in application ver- 
satility - are designed expressly to fill the human interface 
demands of widely dispersed control and communica- 
tions networks - in machine and process control, energy 
management systems, inventory control and factory 
floor data collection, and information processing. Micro- 
terminals, because of their interface flexibility, appear- 
ance, size, durability, and easy installation, function 
equally well as consoles and control centers for instru- 
ments and small systems. They also perform as I/O 
terminals in diagnostic applications. 

You don’t need interface expertise to put microterminals 
to work for you., .they communicate in serial ASCII with 
RS-232-C or 20mA current loop conditioning. Baud 
rates range from 1 10 to 19,200. 

A tough, water resistant front panel protects LED 
displays and indicators as well as a full alphanumeric 
keyboard. Tactile feedback, display blinking, and char- 
acter display confirm operator entry. 

Buffered data features reduce on-line input/ output time 
with the CPU and improve accuracy of operator inputs. 
And, because of its design simplicity, the microterminal 
concept doesn’t require special operator skills or training. 
Depressing a single function key initiates complex pre- 
programmed action by the CPU . These functions may be 
defined in your CPU’s software or in local read only 
memory, for which a socket is provided. 

This user’s guide describes four products: TM71, TM77, 
TM 7 1 -I / O and TM 77-1 / O. All units feature 80-character 
buffers, a 16-character alphanumeric display, and serial 
ASCII interface. The TM71 and TM71-I/0 provide 
alphanumeric keyboards. The TM77 and TM77-I/0 
provide numeric keyboards. The I/O versions, TM71- 
I/O and TM77-I/0, provide additional TTL inputs and 
outputs for interface to external equipment. 

Microterminals’ very compact design and simple mount- 
ing on any flat surface make them quickly adaptable to 
new or existing applications. All models measure only 
216mm x 114mm x 15mm (8.5" x 4.5" x 0.6"). When 
ordered in OEM quantities the front panel can contain 
your corporate or system logo. 

You can enter and display alphanumeric data. The 
TM71’s 42-key keyboard (shiftable to generate 80 
characters including A-Z and 0-9) allows you to receive 
or enter messages up to 80 characters long. A 16- 
character display - with horizontal scroll-left or scroll- 
right keyboard controls - permits review and editing of 
data entered before transmission. In the edit mode you 
can backspace and advance the cursor position and insert 
and delete characters. 

Two 80-character buffers are provided for keyboard 
generated data. The output buffer holds a message being 
written, reviewed or edited; the transmit buffer holds a 


prepared message ready for CPU acceptance. This feature 
allows a second message to be prepared while the first 
awaits transmission. 

Similarly, two 80-character buffers are available for 
incoming CPU-generated messages. The receive buffer 
holds an incoming message until it can be transferred to 
the input buffer where it is displayed for the operator’s 
action. With this feature, the operator can visually review 
a CPU input while a second instruction from the CPU 
can be received and held until called up for display. 
DisplayTeatures include CPU control of scrolling, flash- 
ing, or blanking. The keyboard can also be locked out by 
CPU command. Two LED indicators are independently 
controlled by the CPU while four LED’s indicate terminal 
status. The TM71-IO and TM77-I/ O have an additional 
eight independently controlled LED indicators as well as 
two back panel I/O ports. 

It is important to realize that while these microterminal 
products have many features, normal operation is very 
uncomplicated. Virtually untrained operators can use the 
microterminal products productively. Most special 
features are invisible to the operator. A typical application 
consists of a series of host-system-supplied operator 
prompts. To each prompt the operator simply keys in a 
short number or message and pushes the ENTER key. 
The function message keys may be used to further 
simplify operator responses. Function key messages may 
be transmitted immediately on depression. 

OPERATION 

DESCRIPTION 

The four models described in this user’s guide are TM71, 
TM77, TM7 1 -I/O and TM77-I/ O. All models operate in 
basically the same way. They are described below. For 
simplicity’s sake, only the TM7 1 will be referred to after 
the description section. For all matters concerning 
control features, communications protocol, user PROM, 
and product specifications not relating to the keyboard 
or I/O ports, all units are identical. 

TM71 

The Model TM71 is an alphanumeric “microterminal” 
which may be used as a remote or local data entry and 
output terminal for a host computer system. It is intended 
to provide a low cost, small size, alternative to a CRT 
terminal. It is suitable for applications with a limited 
amount of data interchange, as compared to applications 
requiring a typewriter-style keyboard and multiline dis- 
play or hard copy output. 

The TM71 features a dust proof front panel including 80 
characters on a 42-key keyboard, 16-character alpha- 
numeric display, two host-computer controllable, light 
emitting diodes (LED’s), and four status LED’s. Char- 
acter height is 0.14". The keyboard features raised 
embossing with tactile feedback. In addition, a 25-pin, 
D-style rear panel connector features RS-232-C data 
transmit, data receive, and modem control functions. 
The connector is also used to provide power, baud rate 
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selection (110, 300, 600, 1200, 2400, 4800, 9600, 19200 
bps), remote reset in and out, parity selection, a polling 
address, and 20mA current loop. 

TM77 

The TM77 is intended for those applications where an 
alphanumeric display terminal with numeric and function 
key data input is adequate. The TM77 keyboard has the 
advantage.that it is less complicated for the untrained or 
inexperienced operator. 

The TM77 is functionally identical to the TM71 except 
for the keyboard functions. The TM77 has larger, but 
fewer keys than the TM71. The TM71 offers a numeric 
(0-9) keyboard with function keys. Keyboard functions 
of the TM71, which do not appear on the TM77, are not 
available. The numeric keyboard light is unnecessary and 
has been deleted. 


conceived as five buffer memories as indicated in the 
block diagram in Figure 1 . In addition, function messages 
are stored in a separate RAM or PROM memory area. 
The receive buffer receives incoming messages of up to 80 
characters and when the message is complete, it is usually 
automatically transferred to the input buffer. The display 
buffer is then filled with the first 1 6 characters of the input 
message. The operator may then scroll the input message 
through the display buffer. Alternately, the host computer 
can cause the message to continuously scroll through the 
display buffer. The contents of the display buffer are 
displayed to the operator through 16 alphanumeric 
characters. The output buffer which serves as temporary 
storage for keyboard entries is transferred to the transmit 
buffer when the ENTER key is pressed. At that time the 
message is transmitted to the host or, in polled operation, 
held until the host requests the message. 


The keys of the TM77 are 38% larger and placed on 
0.65-inch centers as compared to the 0.5-inch centers of 
the TM7 1 . This is the same spacing as used on touch tone 
telephones and allows operators with gloved hands to 
easily use the keyboard. As can be seen from the 
following figure, the keyboard appears much larger and 
less forbidding of use. For a description of the TM77 key 
functions, refer to those same keys described for TM7 1 in 
the Detailed Key Description section. 

TM71 -I/O 

The TM71-I/0 is identical to the TM71 but with the 
following additional features. The front panel has eight 
additional host-computer controllable LED’s The rear 
panel has an additional 20-pin connector. This connector 
provides a TTL-compatible, 8-bit bidirectional port (port 
A) and 8-bit output only port (port B). The output only 
port indicates the status of the additional eight front 
panel LED’s. The bidirectional port has input and output 
strobes and may be used by the host system as a general 
purpose remote input/ output port. 

TM77-I/0 

The TM77-I/ O is identical to the TM77 with the addition 
of the I/O port features described above for the 
TM71-I/0. 

Up to 14 function messages may be defined by the host 
system. After definition by the host, these messages are 
called for display by the host sending a 3-character code 
[ESC] ZZ; where ZZ may have the values 01 through 08 
and 21 through 26. Function messages may be re- 
transmitted to the host by pressing the front panel 
function message keys. Thus they may be used as 
extensions of the input message to the TM71 or as 
function messages to be transmitted by the TM71 
operator to the host system. In addition, a PROM socket 
is provided for nonvolatile storage of function messages. 
For all the following descriptions the terms input and 
output shall refer to input to the TM7 1 and output from 
the TM-7I. Internal operation of the TM71 is easily 



FIGURE 1. TM71 Buffers. 


Further insight into the operation of the TM71 can be 
gained by viewing its operation in terms of modes and 
status conditions. The TM71 has three major operating 
modes and four status conditions. 


Operating Modes 
Ready 

Message Composition 
Edit 


Status Conditions 
Message Waiting 
Output Pending 
Input Display 
Numeric Keyboard 


OPERATING MODES 
Ready 

The Ready mode is the standby mode; it is entered by 
pressing CE, 2nd CLR, or RESET. The symbol A in the 
output display indicates the Ready mode. The other 
display positions are blank. Ready mode is exited when 
any character or function message is entered into the 
output buffer from the keyboard or when the terminal is 
put in Edit mode. The ready indicator will not be visible 
when an input message is being displayed; however, the 
terminal may be internally in Ready mode. 


Message Composition 

Message Composition mode is entered from the Ready 
mode or Edit mode. If the terminal is in the Ready mode, 
entering any character or function message from the 
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keyboard causes the terminal to enter Message Com- 
position mode. It is indicated by having a character in the 
output buffer. A space is the only character that can leave 
the display buffer blank. Nondisplayable characters are 
displayed as jj . Message Composition mode may also 
be entered from the Edit mode by pressing 2nd ED/ EX. 
Message Composition mode is exited by pressing CE, 
2nd CLR, RESET, ENTER, or 2nd ED/ EX. The latter 
causes the terminal to enter Edit mode. 

Edit 

Edit mode may be used to modify the contents of the 
output buffer. It is not essential to be able to use the Edit 
mode in order to operate the TM71. It is entered by 
pressing 2nd ED/ EX and is exited by pressing 2nd 
ED/ EX again or CE, 2nd CLR, ENTER, or RESET. 
Edit mode is indicated by the presence of the underscore 
cursor in the display while the output buffer is being 
displayed. 


STATUS CONDITIONS 
Numeric Keyboard 

Numeric Keyboard status is used to provide a convenient 
numerical key pad in the center of the keyboard; it is 
entered by pressing A/N. If the terminal is in Numeric 
Keyboard mode, it is exited by pressing A/N. Numeric 
Keyboard is indicated by the Numeric Keyboard LED 
being on. 


Message Waiting 

Message Waiting status is the condition of being in 
Message Composition mode when the host sends an 
input message. The Message Waiting LED comes on to 
indicate a new input message is in the input buffer and 
may be viewed at the operator’s convenience by pressing 
2nd RECALL, ENTER, or CE. When any of these 
actions are taken, the Message Waiting LED goes off 
until the host sends another message while the terminal is 
in Message Composition mode. In addition, if the host 
sends a new message before the input buffer has been 
examined, the message is held in the receive buffer. The 
message to be transferred to the input buffer. 


Output Pending 

Output Pending status occurs when the terminal is used 
in a polled configuration, as determined by rear panel 
connectof jumpers, and an output message has been 
enabled by the ENTER key. The message is actually 
transmitted when the host polls the terminal. Until this 
happens the Output Pending LED comes on. In many 
installations this will happen so quickly that the operator 
may never actually see the LED come on. However, if the 
host were temporarily occupied with another task, the 
operator would know that the message had not been 
transmitted. The message actually enters the transmit 
buffer and waits there until the terminal is polled. A 


second output message may be composed in the output 
buffer; however, if ENTER is pressed for the second 
message before the Output Pending LED goes off, the 
first message is lost. 


input Display 

The Input Display LED indicates when the display buffer 
is viewing the input buffer. This can happen in two ways. 
When the terminal is in Ready mode, an input message 
will automatically switch the display buffer to the input 
buffer causing the Input Display LED to come on. The 
Ready Indicator will no longer be visible; however, the 
terminal is still in the Ready mode. 

When the terminal is in Message Composition mode, 
pressing 2nd RECALL switches the display buffer to the 
input display causing the Input Display LED to come on. 
The terminal is still in Message Composition mode. 
Pressing 2nd RECALL a second time will return the 
display buffer to its former position in the output buffer. 


POLLED MODE 

Up to 15 TM71’s may be operated on one host 
communication port. This is referred to as polled 
operation. This is made electrically possible by using the 
20mA communications current loop circuits. These 
circuits feature optical isolators to allow multiple input 
and multiple output loops to be series connected 
together. The host then uses a 2-digit drop number, 
unique to each TM7 1 on the loop, to address each TM7 1 
terminal. Correspondingly, each TM71 prefaces each of 
its output messages with its drop number. Details of 
polled operation are contained in the Communications 
Protocol section and in the Installation Section. 

Figures 2, 3, 4 and 5 show the front panel of the four 
models. 



FIGURE 2. TM71 Front Panel. 
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FIGURE 3. TM77 Front Panel. 



FIGURE 4. TM71-I/0 Front Panel. 



OPERATING INSTRUCTIONS 

When power is applied to the TM71, the Input Display 
LED will come on and the display will show the Ready 
I ndicator which is a A in the left-most character position. 
A message consisting of up to 80 characters, including 
spaces, may be entered from the keyboard. Pushing the 
ENTER key causes the message to be transmitted to the 
host computer. The message will be sent each time 
ENTER is pressed; this is indicated by the display 
blinking. In Polled mode the Output Pending LED will 
come on until the host takes the message. The output 
buffer may be cleared by pressing CE. Pressing a key to 
start a new message will automatically clear the output 
buffer. The Ready Indicator will appear after the output 
buffer has been cleared by CE. In addition, the Function 
Message keys may be used to enter up to 14 different 
function messages into the output buffer. 


I n Ready mode, when a message is received from the host 
computer, the first 16 characters of the message appear 
on the display. The Input Display LED comes on to 
indicate the display buffer is filled with a section of the 
input buffer. The entire message may be viewed by using 
the ROL ajid ROR keys. When one of these keys is held 
down, the message will scroll through the display at 
approximately six characters per second. When any 
character key is pressed, the Input Display LED goes out 
and the character appears in the left of the display with 
the rest of the display blanked. As other character keys 
are pressed, the message grows from left to right. For 
upper key characters, the 2nd key is pressed first. It must 
be pressed prior to each upper key character. 2nd DEL 
deletes the last character. If DEL is held down, characters 
will be deleted at approximately six characters per 
second. 

To facilitate the composition of long output messages, a 
line editor is available by using the 2nd ED/ EX key 
sequence. The Editor is described in the Display Control, 
Edit, and Control Keys section. 

Internally, the TM7 1 consists of 80-character receive and 
input buffers, a 16-character display buffer, and 80- 
character output and transmit buffers. The display buffer 
is used to scan either the input buffer or the output buffer. 
It is switched from one to the other by pressing 2nd 
RECALL. Wheg the display buffer is displaying the 
input buffer, the front panel Input Display LED will be 
on. 

Complete operating details are contained in the following 
section. 


DETAILED KEY DESCRIPTIONS 


ALPHABET AND SPECIAL 
CHARACTER KEYS 



etc. 


These keys are used for data input from the keyboard. To 
enter the upper character press the 2nd key prior to each 
upper character. Characters enter the display in the left- 
most unused position. After 16 characters have been 
entered, previous characters move one character position 
to the left when a new character is entered. After 80 
characters are input, no more characters are accepted. 


ALPHABET AND NUMERIC KEYS H H etc. 

These keys are used to enter characters from the key- 
board. The upper characters are entered by pressing 2nd 
prior to each upper character. This is called the Alpha 
mode. An alternate mode is called Numeric mode. In this 
mode an upper character may be entered by only pressing 
the key. In the N umeric mode pressing 2nd first will cause 
the lower character to be entered. The keyboard is put in 
Numeric mode by pressing the A/ N key. The Numeric 
keyboard LED is on while the keyboard is in numeric 
mode. To exit Numeric mode press A N. Alpha mode is 
the power-up and Reset mode. 
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FUNCTION MESSAGE KEYS ED0 etc. 

These keys are used to input function messages from the 
keyboard. The function message may be one of the 
default strings &XX or it may be a host defined string. 
When no host specified string definition has been pro- 
vided, the three characters of the default string appear. 
For a host defined value, the last 16 characters of the 
string definition appear in the display. 

Incoming function messages appear with their first 16 
characters in the display. 

The first eight function messages are put in the output 
buffer by pressing the FI through F8 keys and the 
remaining six by pressing 2nd FI through 2nd F6. 
When no message has been defined, default messages 
appear in the display as &ZZ. ZZ represent 0 1 through 08 
or 21 through 26 for a total of 14 values. 


FUNCTION MESSAGE AND DISPLAY CONTROL 
KEYS 




.. 

F7 


F8 


These keys, when used as function message keys, are the 
same as the previously defined function keys. When used 
with the 2nd key, they move the display buffer to the 
right-most 16 characters (^), or the left-most 16 char- 
acters ( ►), of the input or output buffer. In Edit mode the 
display cursor (underscore) goes to the end (-^) or start 
(►) of the message. 


DISPLAY CONTROL, EDIT, AND CONTROL KEYS 


EI/EX 


CT*. 

ROL 


ROR 


Display Control Keys 

In normal operation pressing ROL will cause the message 
to move one character position to the left or until the last 
character of the message being examined is in the right- 
most position of the display. Pressing ROR causes the 
message to move one character to the right or until the 
first character of the message under examination is in the 
left-most display position. Holding eight key down 
causes the display to scroll by at approximately six 
characters per second until the first character is in the 
left-most, or the last character is in the right-most 
character position for messages of more than 116 
characters. 


Display Editing Keys 

The ED/ EX key is used to put the TM7 1 in or out of Edit 
mode. In Edit mode DEL, ROL, ROR,-* and ► may 
be used for easy editing of any message contained in the 
80-character output buffer. Edit mode is indicated in the 
display by an underscore which is used as the Edit cursor. 
The cursor “points” to the immediate character to its left. 
The key sequence 2nd DEL deletes the character. If DEL 
is held down, characters are deleted at the rate of six 


characters per second. ROL and ROR move the cursor 
one position to the left or right. If ROL or ROR are held 
down, they cause the cursor to scroll left or right. When 
the cursor points to the first or last character, it will not 
move further to the left or right, respectively. When the 
cursor reaches the left or right end of the display, the 
message begins to scroll right or left, respectively. The 
cursor continues to point at the left-most or right-most 
character of the display. 


In Edit mode the display is effectively shortened to 15 
characters since the underscore cursor does not actually 
“underscore” the character to which it points. '■*§ causes 
the display buffer to display the right-most 15 characters 
with the cursor in the right-most position. ► does the 
same for the left-most 1 5 characters with the cursor in the 
right-most position. 


When the display buffer is filled with part of a host-sent 
input message, the message may be transferred to the 
output buffer without transmission by pressing 2nd 
ED/ EX. The TM7 1 will then be in Edit mode with the 
Edit cursor at the right end of the input, now the output, 
message section being examined. The previous contents 
of the output buffer are lost. 

Function messages may be edited. The following example 
illustrates the use of the editor. 


Edit Mode Example: 

KEYSTROKES DISPLAY ACTION 


2nd ED EX 

ROL ROL ROL 

2nd DEL 2nd DEL 
: A 
BCD 

2nd ED EX 


XXZZYYY j 



XXZZYY 


' 

xxzz_y YY 



XX YYY 



XXA YYY ' 



| XXABCD— YYY 


l ' 1 



xxabcdyyy 


Delete ZZ and put 
ABCD in its place 

Enter Edit mode 
(underscore cursor) 

Move Cursor 

Delete two characters 

Enter A 

Enter B. C. D 
Exit Edit mode 
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NOTES: 

1. The underscore indicates Edit mode. 

2. The cursor may be moved with ROL and ROR. 

3. ROL and ROR stop at the ends of the output line. 

4. Filling the 80-character output buffer prevents the 
display from responding to any attempt to insert or 
append more characters. 

5. Holding ROL or ROR down causes the cursor to move 
toward the beginning or end of the line at 
approximately six characters per second. 

6. When there are no characters in the output buffer, the 
TM71 will not enter the Edit mode. Deleting all 
characters causes the TM71 to exit Edit mode. 

7. The ASCII underscore is also a valid character. 


Control Key 

The key sequence 2nd CTRL followed by any letter of the 
alphabet causes the corresponding 26 ASCII characters 
to be put in the output buffer. These characters are listed 
in the Appendix. 


In addition, 2nd CTRL FI causes the ASCII Escape 
(ESC) character to be put in the output buffer. 

The 2nd CTRL D sequence has special meaning to the 
TM71. It is the ASCII EOT character. This character is 
an end of transmission character. When the TM7 1 operates 
with some host computer operating systems, it is 
sometimes desirable to send a message without a carriage 
return. The key sequence, MESSAGE 2nd CTR D 
ENTER, causes M ESSAGE to be sent without a carriage 
return. This is often desirable in conjunction with other 
control characters. For example, in many operating 
systems CTRL C is used to return from a particular 
system program to the keyboard monitor program. The 
keyboard monitor responds with some acknowledgement 
character or prompt. It will not usually expect a carriage 
return with control characters since control characters 
are often used to interrupt other operations. Thus, since 
the TM71 has a one line display, 2nd CTRL C ENTER 
will cause the prompt to be missed because the CR is 
interrupted by the monitor as a null line response to the 
prompt. In fact this causes most operating systems to 
return to the previous operation and prevents access to 
the keyboard monitor. Entering 2nd CTRL C 2nd CTRL 
D ENTER causes the TM71 to suppress the carriage 
return that is normally appended to output messages. 
This allows the prompt to be viewed in the TM7 1 display. 
A function key may be programmed to provide a CTRL 
D sequence. 

RESET | 

The RESET key allows the TM71 operator to initialize 
the internal functions. Pressing RESET is equivalent to 
turning on the power. Pressing RESET will cause host 
defined messages to be lost. RESET may be disabled 
when the TM71 is installed. 


SECOND KEY 


The second key, 2nd, is used to enable the upper label of 
the next key pressed. For example, the key sequence 
BSE causes +U to be displayed and stored 
in the output buffer. When the keyboard is in Alpha 


mode as indicated by the Numeric keyboard status LED 
being off, causes 2 to be displayed and stored. 


SPACE AND DELETE KEY 


I DEL 

SPACE I 


Space causes a blank to be entered into the output buffer. 
The right-most character becomes a blank. DEL deletes 
the right-most character. DEL does not enter the ASCII 
character DEL into the output buffer. 


In Edit mode DEL causes the character to the left of the 
cursor to be deleted. 


ALPHANUMERIC AND NEXT KEY [jj[ 

Pressing the A/N key causes the keyboard to enter the 
Numeric mode. The upper white-on-black labels become 
lower labels not requiring the 2nd key before entry. The 
lower labels become upper labels and require the use of 
the 2nd key for entry. The front panel Numeric LED 
comes on to indicate the keyboard is in Numeric mode. 
Press A/N to return to Alpha mode. The Alpha mode is 
also the power-up and Reset mode. 


Pressing 2nd NEXT causes any input message waiting in 
the Receive Buffer of the block diagram in Figure 1 to be 
transferred to the Input Buffer. This will be necessary 
when an input message is received while the terminal is 
holding a previous input message. This condition is 
indicated by both Input Display and Message Waiting 
LED’s being on. 


ENTER AND RECALL KEY 


RECALL 

ENTER 


ENTER is used to send output messages to the host 
system. When the TM7 1 is in Ready mode, the receipt of 
an incoming carriage return, CR, causes the display 
buffer to be loaded with the first 16 characters of the 
input message. The Input Display LED will come on. 
When the TM71 is in Message Composition or Edit 
mode, receipt of an incoming CR causes the Message 
Waiting LED to come on. The operator may finish any 
output message and send it to the host by pushing 
ENTER. If it is desired to examine the input message 
before entering or even completing the output message, 
the RECALL key may be pressed causing the display 
buffer to be filled with the first 16 characters of the input 
message. The Input Display LED will come on. The input 
message may be examined by using ROL and ROR. 
Pressing RECALL a second time will cause the display 
register to be filled with the 16 characters of the output 
buffer it contained when RECALL was pressed the first 
time. The Message Waiting LED is turned off, and 
remains off, after the first input message access with the 
RECALL key. Accessing the input message a second 
time fills the display buffer with the 16 characters it 
contained when the output message was accessed. Thus, 
if required, the operator can work through the input 
message composing an output message in response to 
small sections of the input message. 


Pressing ENTER while in Edit mode causes the TM7 1 to 
exit Edit mode and transmit the output buffer. 


While examining an input message, pressing ENTER will 
cause the input message to be transferred to the output 


9-49 



buffer and transmitted to the host. Any previous contents 
of the output buffer will be lost. The Input Display LED 
is on when the display buffer contains a section of the 
input buffer. When the display buffer is filled with part of 
an input message, the message may be transferred to the 
output buffer without transmission by pressing 2nd 
ED/ EX. The TM71 will then be in Edit mode with the 
cursor at the right end of the input (now the output) 
message section being examined. The previous contents 
of the output buffer are lost. The input buffer retains the 
original message. 


CLEAR ENTRY AND CLEAR ALL KEY 


Pressing CE causes the TM71 to exit Message Composi- 
tion mode and the Ready Indicator to come on. The 
output buffer is cleared. Pressing 2nd CLR causes the 
TM71 to exit Message Composition mode, clears output 
and input messages, clears Message Waiting LED, clears 
Output Pending LED, and causes the Ready Indicator to 
appear. Host-specified function messages are unaltered. 
Pressing RESET, if enabled by the back panel jumper, 
has the same effect; plus, it sets function messages to their 
default power-up condition. 


When the TM7 1 is in Edit mode, pressing CE or 2nd CLR 
causes the terminal to exit Edit mode and go into the 
Ready mode. 


2nd CLR clears the receive buffer but does not clear the 
transmit buffer. Although the Output Pending LED goes 
off, the host may still read the transmit buffer. 


APPLICATIONS 

CONTROL FEATURES 


Certain input messages may be used by the host system to 
put the TM71 in special modes. These messages, which 
begin with the ASCII Escape character (ESC), are 
described below. See also the Input Message Summary 
part of the Communications Protocol section. 


(ESC)A(CR) Requests the transmit buffer. Used only in 

Polled Mode. The A command works only 
once per ENTERed message. The second 
time the A command is used for the same 
message, a carriage return only is trans- 
mitted. 

(ESC)B(CR) Requests retransmission of the transmit 

buffer. The B command can be used to get a 
second transmission of a message if fdr 
instance the first transmission has a parity 
error. 


(ESC)C(CR) 


Clears the input buffer. 


(ESC)DZZ(MESSAGE(CR) Used to define function messages in RAM, 
ZZ is the function message number from 01 
to 08 and 21 to 26. (MESSAGE) is the 
function message. If (MESSAGE) is not 
present, the function message is deleted. 

(ESC)En(CR) Controlsthe A1 LED and the A1 TTL output. 

For n=1 the LED is “on" and the TTL output 
“low”. For n=0 the LED "off" and the TTL 
output “high”. 


( ESC )Fn( CR ) Controls the A2 LED and A2 TTL output. For 

n=1 the LED is “on” and the TTL output 
“low”. For n=0 the LED is "off” and the TTL 
output “high". 

(ESC)Gn(CR) Causes any input message oeing observed 

through the display to scroll continuously 


(ESC)Hn(CR) 

(ESC)in(CR) 

(ESC)Jn(CR) 

(ESC)K(CR) 

(ESC)LDDD(CR) 

(ESC)M(CR) 

(ESC)N(CR) 

(ESC)O(CR) 


(ESC)P(CR) 


(ESC)Qa(CR) 

(ESC)RDDD(CR) 

(ESC)SDDD(CR i 


from right to left at approximately six char- 
acters per second when n=1 . n=0 disables 
scroll. 

Causes any input display message to flash 
with a 50% data cycle approximately three 
times per second when n=1 . When n=0 flash 
is disabled. 

Causes any output message to blank when 
n=1 . The input buffer will still be displayed. 
n=0 disables blanking. 

Locks out the keyboara Trom use wnen n=i . 
The RESET key is not disabled. Keyboard 
lockout is disabled with n=0. 

Causes the input buffer to be transferred to 
the transmit buffer and transmitted. This 
command is useful in testing communica- 
tions lines and circuits. A message trans- 
mitted by the host CPU to the microterminai 
will be returned to the host by the terminal 
after receipt of the K command. 

Sets turnaround delay. T urnaround delay is 
the time that the microterminai waits after it 
receives a command to transmit, before it 
actually transmits. DDD sets the delay in 
increments of 10 milliseconds from 0 to 2.54 
seconds. This delay has a default value of 40 
milliseconds. 

Causes the digital input to port A to be 
transmitted to the host CPU as a single 
ASCII character. 

Causes the digital input to port A to be 
transmitted to the host CPU as three decimal 
digits - 000 to 255. 

Causes port A to operate in continuous 
ASCII mode. In this mode, data strobed into 
port A is immediately transmitted as a single 
ASCII character. ASCII characters trans- 
mitted from the host CPU to the terminal are 
output immediately. (ESC) terminates con- 
tinuous mode. 

Causes port A to operate in continuous 
decimal mode. In this mode, as data is 
strobed into port A, it is immediately trans- 
mitted as three decimal digits followed by a 
carriage return. Likewise, three decimal 
digits followed by carriage return from the 
host CPU is immediately output as the 8 bits 
of port A. (ESC) terminates continuous 
mode. 

Causes one ASCII character, “a”, to be 
output on port A. 

Causes the decimal number DDD to control 
the output of port A. DDD is a number 
between 000 and 255. 

Causes the decimal number DDD (000 to 
255) to control the output of port B. 


Function Messages 

The TM71’s RAM has 415 character locations which 
may be used for function messages. The function mess- 
ages may be any length less than or equal to 80 characters 
as long as the total number of characters does not exceed 
415. This memory is assigned dynamically by the TM71 
software. This means up to five messages may be 80 
characters each if only five are defined. Attempting to 
exceed this boundary will cause unpredictable results. 
Alternately, a maximum of 14 messages of 29 characters 
each could be defined; they may be of differing lengths. 
When a PROM is used to define function messages, 14 
messages 80 characters in length may be defined for a 
total of 1 120 characters. RAM definitions may be made 
even when the PROM is present. The RAM definitions 


9-50 



are used by the TM71 until the RAM definitions are 
deleted, then the PROM definitions are used. This may 
be done with the RESET key or from the host. 

Function messages may contain all 128 characters of the 
ASCII set. 

When control ASCII characters are part of normal input 
messages, they are stripped; however, they may be part of 
commands such as function message definitions. 

All function messages are transmitted to the TM7 1 as 
(ESC)ZZ where ZZ represents 01 through 08 and 21 
through 26 for function messages 1 through 14. For 
output &ZZ will be used as a default string if no message 
definition has been made in RAM or PROM. In this case 
the message will be transmitted as defined. 

The sequence (ESC)ZZ is considered part of a message. 
Do not confuse it with one of the (ESC) commands in the 
Input Message Summary section. For example, (ESC) 0 1 
(CR) is a complete and normal input message; it causes 
function message 01 to be put in the input buffer. 

See Figure 6 which shows the Displayable Characters. 


CHARACTER SET 
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NOTE: All nondisplayable characters t ( 

entered from keyboard are displayed as Z>D . 

FIGURE 6. Displayable Characters. 

IMMEDIATE TRANSMISSION OF FUNCTION KEYS 

A function message can be transmitted immediately if the 
ASCII control character RS (Record Separator) is the 
last character of the definition. When this character is 
encountered while getting the function message from 
RAM or PROM, it is treated as if the ENTER key were 
pressed. This causes the function message to be trans- 
mitted along with any characters that were in the buffer 
when the function key was pressed. 

This feature, when used with CTRL D, allows function 
messages to have a completely user-determined end of 
line character string. This is accomplished by defining a 
function message as follows: 
(ESC)D02(MESSAGE)(CTRL D)(RS)(CR) 


When the F2 function key is pressed, (MESSAGE) 
preceded by any contents of the output buffer, is 
immediately transmitted. (MESSAGE) may include any 
type of line terminator such as (LF)(CR), (CR)(LF), or 
(ETX). (CTRL D) prevents the TM71 from adding a 
(CR) and (RS) causes immediate transmission without 
the use of the ENTER key. 

The use of (RS) is especially important for high priority 
control messages for which it is desired that only one key 
be pressed. 

The only restriction on the message is the use of (CR). 
(CR) may be contained in PROM-defined function 
messages but not in host-defined messages. This is 
necessary because an imbedded (CR) will terminate the 
function defination. 

CTRL X 

The control CAN (CTRL X) of the ASCII set has special 
meaning to the TM7 1 . When it is the first character of an 
input message, or the first character after the address 
characters in Polled operation, the TM71 will clear its 
receive and input buffers of previous messages and blink 
the Message Waiting LED. The new message will be in 
the input buffer and a command will be executed. This 
may be important for high priority messages to the 
operator. If the operator leaves the TM71 in Message 
Composition mode and two messages have been received, 
the first message will be in the input buffer and the second 
in the receive buffer. A third message or command will 
not be received unless (CTRL X) is used to clear the 
receive and input buffers. When the TM71 is in Ready 
mode, all messages come to the input buffer and the 
terminal goes to input display status. In this case the 
(CTRL X) has no effect on operation. 

TURN AROUND DELAY 

When commands that cause an automatic reply are sent 
from the host, TM71 can delay its reply for a pro- 
grammable turn around time. The purpose of this feature 
is to allow the TM71 to operate with any host, terminal 
handler software which cannot accept input immediately 
following the carriage return of a host output message. 
This is the case in many host systems. This delay has a 
default value of 40 milliseconds. This may be changed by 
the host by using the command string (ESC)LDDD(CR) 
where DDD represents 000 through 255. This number 
sets the delay in increments of 10 milliseconds from 0 to 
2.54 seconds. Delay may also be set by the user PROM. 
RAM-defined delays will override PROM-defined delays. 

TM71 SELF TEST AND DEMONSTRATION 

The TM71 may be exercised without a host system by 
connecting +5VDC power. If TX (pin 2) is jumpered to 
RX (pin 3), the TM71 can receive its own messages and 
commands. For example, it is possible to send, receive, 
and scroll a message as follows: 

Key sequence: (CE)HELLO(ENTER)(2nd)(CTRL)(Fl) 
Gl(ENTER)(2nd)(RECALL) 
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This key sequence will cause the word HELLO to banner 
across the display. (CE)HELLO(ENTER) clears the 
output buffer and sends HELLO to the input buffer. The 
TM71 automatically switches to input display indicated 
by the input display LED coming on. (2nd)(CTRL)(Fl) 
enters (ESC) in the output buffer. 

The TM71 switches to output display causing the input 
display LED to go off. Since (ESC) is nondisplayable, a 
il appears in the display. Gl(ENTER) then completes 
the banner command and sends it to the TM71 receive 
buffer. (2nd)(RECALL) switches the terminal to input 
display and the bannering HELLO is observed. 
COMMUNICATION DELAYS 

Some operations require a delay before the TM71 can 
accept another message or command. When a function 
message is defined, the TM71 requires at least 150 
milliseconds before another message or command can be 
received. A host message which calls a predefined 
function message requires 2 milliseconds for each function 
message called before another message or command can 
be received. The TM71 provides buffer space for one 
message and one command. Delays may be required 
between two commands or between two messages. 

When software is written in a high level language, delays 
between messages will normally occur. When programs 
are written in assembly language on small systems such as 
single board computers, it may be necessary to design 
delays into the system software. Should the need arise, 
this is easily accomplished for high level languages as 
well. It is recommended that I/O commands for TM71- 
I/O be followed by a 40 millisecond delay. Note: Delay 
timing must start after the receipt by the terminal of the 
carriage return delimiter. 

CTRLD 

Carriage returns can be suppressed on output by entering 
(MESSAGE) 2nd CTRL D ENTER. This is useful when 
interfacing to some host operating systems as was 
explained in the Display Control, Edit, and Control Keys 
section. CTRL D is the ADCII end of transmission 
character (EOT). A function key may be programmed to 
provide CTRL D. 

COMMUNICATIONS PROTOCOL 

The TM7 1 sends and receives 7-bit, asynchronous ASCII 
character codes with one parity bit and two stop bits. One 
or two stop bits will be accepted for input. When parity is 
disabled, a mark or space, as determined by PI jumpers, 
is inserted for the parity bit. Parity may be even or odd 
and is selected by jumpers on PL Characters with parity 
errors are displayed as nondisplayable characters ( ). 

These jumpers also select the data receive and transmit 
rate. This rate may be 1 10, 300, 600, 1200, 2400, 4800, 
9600, or 19,200 bps. 

Each message transmitted from TM7 1 is terminated with 
,a carriage return character. When operated in Polled 
mode, each message is preceded with its 2-character 
polling drop number. This is not counted as part of the 
80-character message. 

For an input message, the TM71 requires that the 
message of up to 80 characters in length be terminated by 


a carriage return. Line feeds following a carriage return 
are discarded; otherwise they are displayed as non- 
displayable characters. Line feed will be ignored as the 
first character of a message. Carriage return is not 
counted as one of the input characters. In Polled mode 
the message must begin with a drop number 00 through 
15. This is followed by up to 80 characters plus a carriage 
return. When the host polls the TM71, it must send 
XX(ESC)A(CR) where XX is the drop number ol the 
particular TM71 (01 to 15). Drop number 00 causes an 
input message to be received by all terminals. 

FUNCTION MESSAGES 

Function messages of up to 80 characters in length may 
be defined by sending (ESC)DZZ(MESSAGE)(CR). In 
Polled mode this would be XX(ESC)DZZ(MESSAGE) 
(CR). ZZ represents the function message number 01 
through 08 or 21 through 26. When a user PROM has 
been installed, these definitions are still valid and take the 
place of any PROM message until RESET is pushed, 
power-up, or the message is deleted. Defined messages 
may be deleted by sending a new definition or (ESC) 
DZZ(CR). (ESC)DOO(CR) deletes all function message 
definitions. 

To call a function message to the display from the host, 
the host sends (ESC)ZZ within a normal message or 
merely (ESC)ZZ(CR). The display buffer shows the 
defined function message when a definition is present in 
RAM or PROM. The defined function message is 
transmitted on output. When no message has been 
defined, &ZZ is shown in the display of input and output 
messages. &ZZ is also transmitted in output messages 
when no function message has been defined. 

It is important to remember the distinction between the 
host defining a function message and entering a message 
in the input buffer. The host may define them without 
entering them when they are for use by the operator 
through the function message keys. 

INPUT/OUTPUT PORTS 

The TM71-I/0 and TM77-LO have, in addition to all 
the features of the TM71 and TM77, an 8-line output 
port (port B) and an 8-line input and output port (port 
A). These ports connect to a 20-pin connector on the back 
panel. Port A has an input strobe and an output strobe. 
Port B connects to an additional eight LED’s on the front 
panel. 

Port B data is encoded as three ASCII characters and 
represents the decimal numbers 000 through 255. The 
three characters control the status of the eight output bits 
of port B or port A in decimal mode. The decimal number 
corresponds to the value of the eight-bit port as shown 
below: 


PORT Bor PORT A I 

DECIMAL 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

B0 

DDD 

0 

0 

0 

0 

0 

0 

0 

0 

000 

0 

0 

0 

0 

0 

0 

0 

1 

001 
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0 

0 

0 

0 

0 

1 

0 

002 

0 

0 

0 

0 

0 

0 

.1 

1 

003 

• 

• 

• 

• *' 

• 

• 

• 

• 

• 

■ • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 

• 
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. • 
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1 

1 

1 

1 , 

1 

0 

254 

1 

1 

1 

1 

‘ 1 

1 

1 

' 1 ! 

255 
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Port A has two data modes: Decimal and ASCII. 
Decimal mode is the same as that for port B. In addition, 
single ASCII characters may be input and output from 
port A one character per operation. This is called ASCII 
mode. 

In ASCII mode, the seven least significant bits of port A 
are set equal to the value of the ASCII character. The 
following chart shows the data that is transferred through 
port A in ASCII mode. 


I PORT A | 

ASCII 

CHARACTER 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

A0 

X 

0 

0 

0 

0 

0 

0 

0 

NUL 

X 

0 

0 

0 

0 

0 

0 

1 

SOH 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 • 

• 

• 

• 

• 

• 

• 

X 

0 

1 

1 

0 

0 

0 

0 

0 

X 

0 

1 

1 

0 

0 

0 

1 

1 

X 

0 

1 

1 

0 

0 

1 

0 

2 

X 

0 

1 

1 

0 

0 

1 

1 

3 

• 

• 

• 

• 

• 

'<• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

X 

1 

0 

0 

0 

0 

0 

0 

@ 

X 

1 

0 

0 

0 

0 

0 

1 

A 

X 

1 

0 

0 

0 

0 

1 

0 

B 

• 

• 

• 

• 

• 

• 

• , 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

X 

1 

1 

1 

1 

1 

1 

1 

DEL 

X- 

NOT USED 








These units may also be used for continuous input and 
output from port A. In the continuous mode the unit will 
only respond to the input message (ESC) which stops 
continuous input and output, in, this mode, protocol is 
mostly determined by the host and the device connected 
to port A. 

In summary, input/ output through port A may be ASCI I 
or decimal mode as well as continuous or noncontinuous. 

To characterize the operation of port A, four cases are 
considered. 

Decimal, Noncontinuous. On input the eighth bit may be 
a one or zero. If the host cannot control the eighth bit, 
merely send two stop bits. The TM71 will interpret the 
first stop bit as the eighth bit (B» = 1) and the second as 
the stop bit. On output the TM7 1 will set the eighth bit to 
one or zero as determined by its connector jumpers. Use 
“bit eight equals one” to simulate two stop bits if the host 
expects two stop bits. This is the case when no jumpers 
are connected. Decimal mode takes three characters to 
form a number from 000 through 255. This number gives 
full control to the eight output bits of port A. For input 
from port A, the eight bits are translated to a number 
from 000 through 255 and transmitted to the host as three 
ASCII characters. The most significant digit is received 
and sent first. This mode is convenient for applications 
programs written in a high level language such as BAS I C 
or FORTRAN. The I/O statements of such languages 
will allow the applications program to communicate 
directly with port A without the need to call assembly 
language subroutines. 

When even or odd parity is enabled on the TM71, and 
parity errors are found in port A data from the host, the 
data is not put on port A. Characters are sent to the host 
with the parity bit set appropriately. 


Decimal, Continuous. In this port A mode, data may be 
sent from the host as a continuous stream of 3-character 
data as follows: 

DDD(CR)DDD(CR) — 

Parity is not checked and the eighth bit has the same 
consideration as discussed in the Decimal, Noncontin- 
uous section. Input from port A is handled in a similar 
way. Each input strobe causes DDD(CR) to be sent to the 
host. If port A is strobed faster than the transmission line 
can take the data, more than three characters will be sent 
between carriage return characters. The last three will 
indicate the data correctly at the time of the last strobe. 
Decimal continuous mode is entered by the command 
string (ESC)P(CR). 

When parity is enabled, a parity error in any of the three 
data characters will cause port A output to not change 
Input from port A will have the appropriate parity bit 
added for transmission to the host. 

ASCII, Noncontinuous. In this mode a single ASCII 
character is received from the host and output on port A: 
No check of the eighth bit is made. The eight bit 
considerations are the same as discussed in the Decimal, 
N oncontinuous section. On input from port A the eighth 
bit is set according to the jumpers on P 1 . A port output is 
illustrated by the string ( ESC)Qa(C R). The “a” represents 
any of the 128, 7-bit, ASCII characters. 

When a parity error is detected in the host input data, no 
output to port A is made. For input from port A the 
parity bit is set appropriately, and the string (a)(CR) is 
transmitted to the host. 

ASCII, Continuous. This mode is entered by the host 
sending the string (ESC)O(CR). The host sends a 
continuous stream of characters DDD — . The (ESC) 
character terminates continuous operation. Bit 8 is not 
checked or altered by the TM71, input from the port is 
transmitted as received. This means that the TM71-I/0 
does not alter eight bit data. The host and the device 
connected to port A may send and receive parity if they 
choose. Thus, the TM71-I/0 serves only as a serial-to- 
parallel and parallel-to-serial converter. 

Any error in the continuous stream from the host causes 
that character not to be sent. Input from the port will 
have a correct parity bit set by the TM71-IO. 

The decimal numbers from 000 through 255 represent all 
the 256 possible combinations of eight bits. Thus, each of 
the eight bit lines may be individually controlled. 

BINARY TO DECIMAL CONVERSION 

To convert from the desired binary bit pattern to the 
corresponding decimal number the following method 
may be used. 


b 8 

b 7 

b 6 

b 5 

fc>4 

hi 

b 2 

b, 


8 

DDD= 2 2 n "‘ = I b, + 2b: + 4bi + 8b 4 + — + 1 28bg 
N _ I- 

Additional features are illustrated in Tables I, II, III, and 
IV and in the Control Features section. 
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TABLE I. Input Message Summary - Nonpolled . 
Operation. 


HOST TO TM 

DESCRIPTION 

(MESSAGEXCR) 

input message 

(ESC)A(CR) 

request transmit buffer 

(ESC)B(CR). 

retransmit transmit buffer 

(ESC)C(CR) 

clear input buffer 

( ESC ) DZ2 ( M ESS AG E ) ( OR ) 

define function message 

(ESC)DZZ(CR) 

delete function message 

(ESC)DOO(CR) 

delete all function messages 

(ESC)En(CR) 

output to A1 LED 

(ESC)Fn(CR) 

output to A2 LED 

(ESC)Gn(CR) 

scroll display control 

(ESC)Hn(CR) 

flash display control 

(ESC)ln(CR) 

blank display control 

(ESC)Jn(CR) 

keyboard lockout control 

(ESC)K(CR) 

remote ENTER 

(ESC)LDDD(CR) 

set turnaround delay 

L TM71 l/n anH TM77.I/0 r»nlw 

(ESC)M(CR) 

read port A ASCII 

(ESC)N(CR) 

read port A Decimal 

(ESC)O(CR) 

port A continuous ASCII 

(ESC)P(CR) 

port A continuous Decimal 

(ESC)Qa(CR) 

output “a” to port A, ASCII mode 

(ESC)RDDD(CR) 

output to port A, Decimal mode 

(ESC)SDDD(CR) 

output to port B 

(ESC) 

halt continuous 10 

NOTES: 

' 

1 . Parentheses are not actually encoded. Shown for copy clarity only. 

2. (ESC) control commands may not be embedded in messages. 

3. n = 1 for ON; n = 0 for OFF. 

4. ZZ is function number, 01 to 08 and 21 to 26. 

[5. “a” is ASCII character. 




TABLE II. Input Message Summary - Polled Operation. 


HOST TO TM 

DESCRIPTION 

XX( MESSAGEXCR) 

input message 

XX(ESC)A(CR) 

request transmit buffer 

XX(ESC)B(CR) 

retransmit transmit buffer 

XX(ESC)C(CR) 

clear input buffer 

XX(ESC)DZZ(MESSAGE)(CR) 

define function message 

XX(ESC)DZZ(CR) 

delete function message 

XX(ESC)D00(CR) 

delete all function messages 

XX(ESC)En(CR) 

output to A1 LED 

XX(ESC)Fn(CR) 

output to A2 LED 

XX (ESC)Gn(CR) 

scroll display control 

XX(ESC)Hn(CR) 

flash display control 

XX(ESC)ln(CR) 

blank display control 

XX(ESC)Jn(CR) 

keyboard lockout control 

XX(ESC)Kn(CR) 

, remote ENTER 

XX(ESC)LDDD(CR) 

set turnaround delay 

L TM71-I/0 Onlw ' : 

XX(ESC)M(CR) 

read port A, ASCII 

XX(ESC)N(CR) 

read port A, Decimal 

XX(ESC)Qa(CR) 

output to port A, ASCII mode 

XX(ESC)RDDD(CR) 

output to port A, Decimal mode 

XX(ESC)SDDD(CR) 

output to port B 

NOTES: 


1 . Continuous I/O not allowed in polled operation. I 

2. A poll address of 00 on an input message or command will be accepted 

by all terminals, but any transmission will be suppressed from the 

terminals. 

3. n = 1 for ON; n = 0 for OFF. 



TABLE III. Output Message Summary * 
Nonpolled Operation. 


TM TO HOST 

DESCRIPTION 

(MESSAGE CR) 

a(CR) 

XXDDD(CR) 

XX(CR) 

response to ENTER, (ESC)A(CR), (ESC)B (CR), 
or ( ESC)K(CR) 

response to XX(ESC)M(CR), ASCII mode 
response to XX(ESC)N(CR), Decimal mode 
response to XX(ESC)A(CR), (ESC)B(CR), 
or(ESC)K(CR) when output buffer is empty. 


TABLE IV. Output Message Summary - 
Polled Operation. 


TM TO HOST 

DESCRIPTION 

XX (MESSAGEXCR) 

XXaCR 

XXDDD(CR) 

XX(CR) 

response to XX(ESC)A(CR), XX(ESC)B(CR), 
or XX(ESC)K(CR) 

response to XX(ESC)M(CR), ASCII mode 
response to XX(ESC)N(CR), Decimal mode 
response to XX( ESC) A(CR), (ESC)B(CR), 
or ( ESC)K(CR) when the buffer is empty. 


NOTES: 

1. XX = polling drop number 01 through 15. 

2. ZZ = function message number 01 through 08 or 21 
through 26. 

3. a = ASCII character to or from port A. 

4. DDD = Decimal number 000 through 255 transmitted 
as three characters. 

5. n = control character 0 = off, 1 = on. 

USER PROGRAMMABLE READ 
ONLY MEMORY (PROM) 

A 2716 type, 450 nanosecond, EPROM may be inserted 
into an internal 24-pin socket. This memory may be used 
to define the function messages, baud rate, polling 
address, and parity. 


Address 

(Hex) 

Memory 

Content 

Comments 

0000 

AA(Hex) 

used to identify ROM presence 

0001 

0,0,0,0,0,B2,B1,B0 

Baud Rate \ If FFH control 

0002 

0,0,0,P0,0,P 1,0,0 

Parity \ reverts to 

0003 

0,0,0,0, A3,A2,A 1 ,A0 

Polling Address / PI jumpers 

0004 

0005 

0006 

0007 

USER PROM 1 

MEMORY MAP 

Turnaround Delay 

XOFF character 

XON character 

Function Messages 


Location 0000 must contain an AA (hex) to indicate that 
the user PROM is in place. 

The baud rate is set between 110 and 19,200 bits per 
second by entering 00 (hex) through 07 (hex) in location 
0001 . 

Parity is set in location 0002 by entering 00 ( hex) for even 
parity; 10 (hex) for space parity; 04 (hex) for odd parity; 
or 14 (hex) for mark parity. 

The polling address may be 00 to OF Hex. 00H is 
nonpolled operation. 01 through OF represents units 1 
through 15. 

Turnaround delay is a delay from the time a host 
command is received until the reply message begins. 
Unless specified by PROM or RAM, the TM71 uses a 
delay of 40 milliseconds. The delay can be specified by the 
PROM in units of 10 milliseconds by putting 00 Hex 
through FE Hex in location 0004 Hex; FF Hex must not 
be used . Delays may be from 0 through 2540 milliseconds. 
Two line control characters may be put in locations 0005 
Hex and 0006 Hex. If this feature is not desired, load 
these locations with 00 Hex. The first location contains 
the XOFF character; the second location contains the 
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XON character. The purpose of these characters is to 
facilitate the TM71 operation with existing terminal 
handlers and operating systems such as Digital Equip- 
ment Corporation’s RSX-1 1 M. These software systems 
assume multiline terminals and they often respond with 
several lines in rapid succession. Most systems will 
provide some means of halting and restarting output. 
Control S and Control Q are used by RSX-1 1M. The 
TM71 will use any two ASCII characters except NUL 
(00) to automatically halt the next line until the operator 
presses NEXT, then another line will be received. When 
this feature is invoked, null lines are ignored; however, 
lines of one character in length will come to the input 
buffer. This is necessary to allow the TM71 to recognize 
its own commands. This feature cannot be invoked by the 
host; a PROM must be used. When this feature is used, 
the TM71 operator may log on to an operating system 
and run a customer-supplied TM71 service program. 
Each function message in sequence should be preceded 
by length byte which gives the number of bytes (char- 
acters) in the message as a binary number. The maximum 
number of message bytes is 1 120; the maximum number 
of messages is 14. If not all messages are to be defined, use 
a zero length byte to indicate an undefined function 
message. 

Unused locations in the higher address locations should 
be filled with 00 Hex. Function messages may still be 
defined in RAM. RAM defined messages are used in 
place of ROM messages until deleted. 

For example, if the first function message were to be 
STOP, address 0007 would contain 04 Hex to indicate a 
4-character message. If all other messages were to be 
undefined in ROM, the function message memory space 
would be as follows: 


Address 

Memory Contents 

0007 

04 


0008 

53— - 'I 


0009 

54 

►STOP 

000 A 

4F 

000 B 

50 


oooc 

00 


000 D 

1 

00 

1 


1 

1 

0018 

1 

1 

00 



INSTALLATION 

Installation of the TM71 consists of mechanical mount- 
ing and back panel connector wiring. The TM71 is 
designed to be mounted on a flat surface. Its back panel 
provides six threaded holes for attachment; screws are 
provided. In addition, cutouts must be provided for 
access to and clearance for P 1 and P2. Required mechan- 
ical dimensions are discussed later. 

Connector wiring for PI (see Figure 7) may be accom- 
plished with the aid of Tables V, VI, and VII. It is only 
necessary to connect +5V power, supply return, data 
transmit (TX), data receive (RX), and signal return to 


make the TM71 functional. Note that supply return and 
signal return are internally connected. Without further 
connections the TM7 1 will operate at 300 bps, a marking 
parity bit, nonpolled operation, and the front panel 
RESET key disabled. Bit rate, parity, and polling 
operation are set by connecting the indicated pins to 
supply return on the mating connector. The RESET key 
is enabled by connecting a jumper between pins 19 and 2 1 
of PI. Request to Send and Clear to Send RS-232-C 
functions are operative if required by the host system or 
modem. Clear to Send input is active if left open 
circuited. Data Terminal Ready output is continuously 
active. Detailed connection diagrams are provided in 
Figures 1 1 and 12. 


Accepts #440 screw 



Protrudes 0.3 inches from back panel 
Mates with - TWR Cinch DB-25P 
Burr-Brown 2525MC 

The 2525MC consists of the following AMP Inc. part numbers: 

1. Male HOP connector - 205208-1 

2. Individual pins (solder connector) - 1-66506-0 

3. Hand tool to insert pins in connector - 91067-2 

4. Male screw retainer kit - 205980-1 

5. Shield assembly - 205718-1 


FIGURE 7. 25-Pin D Style Connector PI Back Panel 


View. 


The 20-pin connector P2 is shown in Figure 8. 



FIGURE 8. 20-Pin Connector P2 Back Panel View. 


The RESET key will be disabled at installation if no 
jumper is installed from pin 19 to pin 21 of PI. When this 
jumper is removed, the RESET function may be done by 
a remote switch or a TTL signal through Pin 19. When 
the jumper is installed, the front panel RESET key may 
be used to initialize external devices. A “wired OR” 
connection may also be made. 
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TABLE V. Listing of Connector PI Pins. 


1 

Supply RTN 


2 

TX 1 


3 

RX I 


4 

Request to Send Output I 

RS-232-C 

5 

Clear to Send Input J 


6 

A1 LED (Note 1) 


7 

Signal Ground 


8 

A2 LED (Note 1 ) 


9 

Parity P0 j 


10 

Parity PI 


11 

BAUD B0 

(Note 2) 

12 

BAUD B1 


13 

BAUD B2 


14 

+5VDC Power Supply 


15 

-IN \ 


16 

+IN | 

20mA Current Loops 

17 

-OUT j 

Communication 

18 

+OUT J 


19 

RESET IN (Note 4) 


20 

Data Terminal Ready Output 


21 

RESET OUT 


22 

A0 ] 

1 

23 

24 

A1 

A2 

l Polling Address (Note 3) 

25 * 

A3 

I 


Interface to the P2 I/O ports may be accomplished by 
reference to Table VIII and Figures 9 and 10. 


TABLE VIII. Listing of Connector P2 Pins-TM71-I/0. 


Pin 



1 

B0 


2 

B1 

Port B, output only 

3 

B2 


4 

B3 

Front panel LED’s 

5 

B4 

0 = LED ON 

6 

B5 


7 

B6 


8 

B7 


9 

Signal GND 

10 

A0 


11 

A1 


12 

A2 


13 

A3 


14 

A4 

Port A, input and output 

15 

A5 


16 

A6 


17 

A7 


18 

OS 

Output strobe 

19 

IS 

Input strobe 

20 

Signal GND | 


NOTES: 

1 . A1 and A2 are logic low « 0.4V at 1 .6mA sink) when LED is on. 

2. 0 = Jumper to supply return. 1 = Open. 

3. 1 = Jumper to supply return. 0 = Open. Address 0000 is nonpolled 
operation. 

4. TTL compatible. Low = Reset. 

Open collector TTL output may be wire ORed with Reset Out (pin 21 ). 


TABLE VI. Setting the Baud Rate 


BAUD RATE 

B2 

B1 

B0 

300 

1 

1 

1 

600 

1 

1 

0 

1200 

1 

0 

1 

2400 

1 

0 

0 

4800 

0 

1 

1 . 

9600 

0 

1 

0 

19200 

0 

0 

1 

110 

0 

0 

0 


Default Baud Rate: 300 


0 = Jumper to Supply Return. 1 = Open. 


TABLE VII. Setting the Parity Bit. 


PARITY BIT 

PI 

P0 

SPACE 

0 

1 

EVEN 

0 

0 

ODD 

1 

0 

MARK 

1 

1 

(MARK = Logic 1 1 



Default Parity: MARK 
0 = Jumper to Supply Return. 1 = Open 


ADDRESS 

A3 

A2 

A1 

A0 

00 inon-polled) 

0 

0 

0 

0 

01 

0 

0 

0 

1 

02 

0 

0 

1 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

15 

1 

1 

1 

1 


Default Address: 00 1 = Jumper to Supply Return. 

0 = Open. 


NOTES: 

1 . Logic positive true for Port A. Negative for Port B. 

2. Logic low < 0.4V at 1 .6mA. Logic high > 3.5V at 1 00/uA. 

3. Mating connector Berg 65489-005 or -007. 



Data 


Port A Input Data 


*| |— 800 nsec, min. 

is 

Input Strobe j 




FIGURE 10. Port A Input Timing. 


CURRENT LOOP COMMUNICATIONS 
WIRING CONNECTIONS 

TM71 units may be connected to one or more hosts by 
using the two 20mA current loop circuits. Optical 
coupling devices are used to electrically isolate TM71 
from these circuits. Figures 11 and 12 illustrate con- 
nections to typical host communications circuits. 
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FIGURE 1 1. Single-drop Connection - 


Polled Operation. 



FIGURE 12. Multiple-drop Connections - 
Polled Operation. 


CURRENT LOOP ELECTRICAL 
SPECIFICATIONS 



Short circuit protected 

Output Current (short circuit to Ground) > ±3mA 
Mark ^ -6.0V with 3 k n load 
Space ^ +6.0V with 3kn load 

NOTE: ±12V are generated from +5V by an internal DC to DC converter. / 


FIGURE 14. Output Equivalent Circuit. 

In addition to Transmit (pin 2) and Receive (pin 3) the 
TM71 supports three other RS-232-C signals: 

Request To Send output, RTS, (pin 4) 

Clear To Send input, CTS (pin 5) 

Data Terminal Ready output, DTR, (pin 20) 

These three modem control signals utilize positive logic. 
In contrast, the data signals on the T ransmit and Receive 
pins use a negative logic (i.e., logic 1 is a negative voltage 
and logic 0 is a positive voltage). For the modem control 
signals, the active state (logic 1 ) is a positive voltage and 
the inactive state (logic 0) is a negative voltage. 

When the TM7 1 is ready to transmit data, it activates the 
Request To Send output. When the Clear To Send input 
is activated, the TM71 transmits. The Data Terminal 
Ready output from the TM7 1 is always Active indicating 
to the host that power is applied and the terminal is 
available. The three modem control signals do not need 
to be connected for the TM71 to operate properly. The 
Clear To Send input is Active if left open. 


Input Voltage Drop 


Input Minimum Current 
Input Maximum Current 
Output Voltage Drop 


Output Current Minimum 


< 1.3V at 35mA 
^ I.2V at 20mA 
^ 1.2V at 10mA 
10mA 
30mA 

^ 1.3V at 10mA 
^ 1.3V at 20mA 
^ 1.4V at 35mA 
20mA 


Output Voltage Drop x Output Current must 
be^ 250mW. 

Output Current must be limited by the external circuit. 


RS-232-C ELECTRICAL SPECIFICATIONS. 

Figures 13 and 14 shown the equivalent input and output 
circuits. 



USER PROM INSTALLATION 
INSTRUCTIONS 

TheTM71 has a 24-pin socket on its printed circuit board 

which will accept 2716 type parts. To install a user 

PROM, use the following procedure. 

• Set the unit face down on a flat surface. 

• Remove the six back panel retaining screws. 

• Carefully pry the back panel away from the case. 

• Remove the four 4-40 nuts which hold the printed 
circuit board in the case. 

• Carefully lift the printed circuit board from the case. 
Note that the board is connected to the keyboard with a 
1 5-pin, pin and socket connector near the middle of the 
board. Thus, some resistance will be felt. 

• Do not misplace the nylon spacers which are around the 
four printed circuit board retaining screws under the 
printed circuit board. 

• Put the PROM in the 24-pin socket taking care to not 
bend the pins and to avoid static electric discharge. The 
orientation of the part is shown on the printed circuit 
board. 
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POWER REQUIREMENTS 


Note: The PROM sockets may be filled with a 
protective substance. The PROM should be 
inserted through this substance. 

• Inspect the part and socket to be sure all 24 pins went 
into the socket. 

• Reassemble in the reverse order. Tighten the nuts and 
screws firmly but do not over-tighten. 

• Avoid using penetrating antiloosening products on the 
internal nuts as they will make it difficult to change the 
PROM should that become necessary. A 
nonpenetrating product, which may be removed if 
necessary, may be used. 


+5VDC ±0.25 VDC at 0.65 A for Model TM7 land TM77. 
+5 V DC ±0.25 V DC at 0.85A for Model TM7M/0 and 
TM77-I/0. 

ENVIRONMENTAL SPECIFICATIONS 

0°C to 60°C. 

95% relative humidity noncondensing. 

Contact factory for extended temperature range. 


MECHANICAL DIMENSIONS 

Figure 15 shows the mechanical dimensions for the 
TM71 and TM71-IO. 



FIGURE 15. Mechanical. Deminsions. 


FACTORY OPTIONS 

None 

ACCESSORIES 

25-pin mating connector - 2525MC. 

20-pin mating connector for I/O ports - 2020MC. 

ORDERING INFORMATION 

TM71 is the full part number for TM71. 
TM71-I/0 is the full part number for TM71-I/0. 
TM77 is the full part number for TM77. 
TM77-I/0 is the full part number for TM77-I/0. 
2525MC is the full part number for 2525MC. 
2020MC is the full part number for 2020MC. 
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APPENDIX 

AMERICAN NATIONAL STANDARD CODE FOR INFORMATION INTERCHANGE 


This coded character set is to be used for the general interchange of information among information processing systems, 
communications systems, and associated equipment. 

TABLE X. ASCII Character Set. 



0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

i 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


^h. 




b4 

b3 

b2 

bi 

'"^QOLUMN 

row 

0 

1 

2 

3 

4 

5 

6 

7 

□ 

a 

□ 

□ 

0 

NUL 

DLE 

SP 


@ 

P 

‘ 

P 

□ 

□ 

□ 

D 

1 

SOH 

DC1 

! 

1 

A 

Q 

a 

q 

a 

a 

D 

El 

2 

STX 

DC2 

" 

2 

B 

R 

b 

r 

a 

□ 

a 

D 

3 

ETX 

DC3 

# 

3 

C 

S 

c 

s 

a 

D 

a 

□ 

4 

EOT 

DC4 

$ 

4 

D 

T 

d 

t 

a 

a 

□ 

D 

5 

ENQ 

NAK 

% 

5 

E 

U 

e 

u 

m 

a 

a 

□ 

6 

ACK 

SYN 

& 

6 

F 

V 

f 

V 

a 

a 

n 

D 

7 

BEL 

ETB 


7 

G 

w 

9 

w 

a 

El 

a 

□ 

8 

BS 

CAN 

bbhb 

imm 

■■SHU 

X 

h 

X 

a 

El 

El 

D 

9 

HT 

EM 

■ 

9 


Y 

iy 

y 

a 

El 

B 

□ 

10 

LF 

SUB 

■ H 



■■^■1 

mam 

z 

a 

□ 

B 

D 

11 

VT 

ESC 



■ 

ibh 


{ 

a 

a 


□ 

12 

FF 

FS 


< 

■ 

■bh 

■ 

■OB 

a 

n 

□ 

D 

13 

CR 

GS 

- 

= 

M 

I 

m 

} 

a 

a 

B 

a 

14 

SO 

RS 


> 

N 


n 

- 





15 

SI 

US 

/ 

? 

0 

- 

0 

DEL 


T 


✓ 


Control (CTRL) characters, i.e., CTRLX is CAN, etc 


DECIMAL EQUIVALENTS OF ASCII CHARACTERS 


Decimal 

Code 

ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 

Decimal 

Code 

ASCII 

Graphic 

000 

NUL 

022 

SYN 

044 


066 

B 

088 

X 

110 

n 

001 

SOH 

023 

ETB 

045 

_ 

067 

C 

089 

Y 

111 

0 

002 

STX 

024 

CAN 

046 


068 

D 

090 

Z 

112 

P 

003 

ETX 

025 

EM 

047 

/ 

069 

E 

091 

[ 

113 

q 

004 

EOT 

026 

SUB 

048 

0 

070 

F 

092 

\ 

114 

r 

005 

ENQ 

027 

ES 

049 

1 

071 

G 

093 

] 

115 

s 

006 

ACK 

028 

FS 

050 

2 

072 

H 

094 

A 

116 

t 

007 

BEL 

029 

GS 

051 

3 

073 

1 

095 

— 

117 

u 

008 

BS 

030 

RS 

052 

4 

074 

J 

096 


118 

V 

009 

HT 

031 

US 

053 

5 

075 

K 

097 

a 

119 

w 

010 

LF 

032 

SP 

054 

6 

076 

L 

098 

b 


X 

011 

VT 

033 

i 

055 

7 

077 

M 

099 

c 

121 

y 

012 

FF 

034 


056 

8 

078 

N 

100 

d 

122 

z 

013 

CR 

035 

# 

057 

9 

079 

O 

101 

e 

123 

1 

014 

SO 

036 

$ 

058 


080 

P 

102 

f 

124 


015 

SI 

037 

% 

059 


081 

Q 

103 

9 

125 


016 

DLE 

038 

& 

060 

< 

082 

R 

104 

h 

126 

ru 

017 

DC1 

039 


061 

% 

083 

S 

105 

i 

127 

DEL 

018 

DC2 

040 

( 

062 

> 

084 

T 

106 

i 



019 

DC3 

041 

) 

063 

? 

085 

U 

107 

k 



020 

DC4 

042 


064 

@ 

086 

V 

108 

l 



021 

NAK 

043 

+ 

065 

A 

087 

w 

109 

m 




I.F = l.ine Feed. FF = Form Feed, CR = Carriage Return. DEI. = Ruhout. 
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INTRODUCTION 

If your data collection tracking requirements call for bar 
code inputs, as well as display and limited keyboard 
entry, you don’t need to buy big, expensive and fragile 
CRT’s with outboard bar code readers. The TM77B and 
TM7 1 B “microterminals” provide a display and keyboard 
terminal integrated with a high performance bar code 
reader. 

“Microterminals” - uniquely flexible in application 
versatility - are designed expressly to fill the human 
interface demands of widely dispersed control and 
communications networks - in shop floor control, in 
factory data collection, inventory control, WIP mon- 
itoring, libraries, machine and process control, energy 
management systems, and information processing. Micro- 
terminals, because of their interface flexibility, appear- 
ance, size, durability, easy installation, function equally 
well as consoles and control centers for instruments and 
small systems. They also perform as input/ output 
terminals in diagnostic applications. 

You don’t need interface expertise to put microterminals 
to work for you. ..they communicate in serial ASCII with 
RS-422 or RS-232-C conditioning. Baud rates range 
from 110 to 19,200. 

A tough, water resistant front panel protects LED 
displays and indicators as well as a full numeric keyboard 
(TM77B) or alphanumeric keyboard (TM71B). Tactile 
feedback, audible signals, display blinking, and character 
display confirm operator entry. 

Buffered data features reduce on-line input/ output time 
with the CPU and improve accuracy of operator inputs. 
Because of its design simplicity the mircroterminal 
concept doesn’t require special operator skills or training. 
Depressing a single function key initiates complex pre- 
programmed action by the CPU. These functions may be 
defined in your CPU’s software. 

Microterminals’ very compact design and simple mount- 
ing on any flat surface make them quickly adaptable to 
new or existing applications. All models measure only 
218mm x 1 17mm x 34mm (8.6" x 4.6" x 1.35"). When 
ordered in OEM quantities the front panel can contain 
your corporate or system logo. 

You can display alphanumeric data with both units. A 
30-key numeric keyboard (TM77B) or a 42-key alpha- 
numeric keyboard (TM 7 1 B) allows you to enter messages 
up to 80 characters long. A bar code reader allows you to 
input messages up to 50 alphanumeric characters long. A 
16-character display - with horizontal scroll-left or scroll- 
right keyboard controls - permits review of data entered 
before transmission. 

Two 80-character buffers are provided for keyboard 
generated data. The output buffer holds a message being 
written or reviewed; the transmit buffer holds a prepared 
message ready for CPU acceptance. This feature allows a 
second message to be prepared while the first awaits 
transmission. 


Five 50-character buffers are provided, if needed, for 
stacking bar code messages prior to output to the host 
processor. 

Similarly, two 80-character buffers are available for 
incoming CPU -generated messages. The receive buffer 
holds an incoming message until it can be transferred to 
the input buffer where it is displayed for the operator’s 
action. With this feature, the operator can visually review 
a CPU input while a second instruction from the CPU 
can be received and held until called up for display. 

The bar code reader can operate in two modes: Auto 
Wand and Manual Wand. In the Auto Wand mode, 
scanned data is transferred to the transmit buffer for 
transmission. In the Manual Wand mode, scanned data is 
transferred to the output buffer at which time keyboard 
data may be added to the buffer. Transmission is then 
initiated by depressing the ENTER key. In both modes, 
bar code scanned data is shown in the mircoterminal 
display. 

Display features include CPU control of scrolling, 
flashing, or blanking. The keyboard can also be locked 
out by CPU command. Two LED indicators are inde- 
pendently controlled by the CPU and three LED’s 
indicate terminal status. 

It is important to realize that while the microterminal 
products including this one have many features, normal 
operation is very uncomplicated. Virturally untrained 
operators can use the microterminals productively. Most 
special features are invisible to the operator. A typical 
application consists of a series of host-system-supplied 
operator prompts. To each prompt the operator simply 
scans a bar code or keys in a short number or message. 
The function message keys may be used to further 
simplify operator responses. 

OPERATION 

DESCRIPTION 

The TM77B is a numeric keyboard, alphanumeric display 
“terminal”. The TM71B is an alphanumeric “micro- 
terminal”. Both units include a bar code reader. They 
may be used as a remote or local data entry and output 
terminal for a host computer system. They are intended 
to provide a rugged, low cost, small size, alternative to a 
CRT terminal and bar code reader. They are suitable for 
applications with a limited amount of data interchange, 
as compared to applications requiring a typewriter-style 
keyboard and multiline display or hard copy output. 
Figures 1 and 2 show the front panel of the TM71 B and 
TM77B respectively. 

In the remainder of this User’s Guide, only the TM77B 
will be referred to. All information, however, applies to 
both the TM77B and the TM7 1 B. The only difference is 
the expanded alphanumeric keyboard of the TM71 B. 
The TM77B features a dust proof front panel including 
13 pre-defined characters and eight function keys on a 
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30-key keyboard, 16-character alphanumeric display, a 
bar code reader, two host-computer-controllable light 
emitting diodes (LED’s), and three status LED’s. 
Character height is 0.14". The keyboard features raised 
embossing with tactile feedback. In addition, a 25-pin, 
D-style rear panel connector is used to provide power, 
baud rate selection (110, 300, 600, 1 200, 2400, 4800, 9600, 
and 19,200bps), remote reset in and out, parity selection, 
a polling address, and RS-422 or RS-232-C interface. 
There is an additional 14-pin connector, located on the 
rear panel, which supplies an 8-bit bidirectional port, 
port A, as well as control input and output strobes which 
may be used by the host system as a general purpose 
remote input/ output port. 

Up to eight function messages may be defined by the host 
system. After definition by the host, these messages are 
called for display by the host sending a 3-character code 
(ESC)ZZ, where ZZ may have the values 01 through 08 
and 10 through 19. Function messages may be trans- 
mitted to the host by pressing the front panel function 
message keys. Thus they may be used as extensions of the 
input message to the TM77B or as function messages to 
be transmitted by the TM77B operator to the host 
system. 



complete, it is usually automatically transferred to the 
input buffer. The display buffer is then filled with the first 
16 characters of the input message. The operator may 
then scroll the input message to continuously scroll 
through the display buffer. The contents of the display 
buffer are displayed to the operator through 16 alpha- 
numeric characters. The output buffer which serves as 
temporary storage for keyboard entries is transferred to 
the transmit buffer when the ENTER key is pressed. At 
that time the message is transmitted to the host, or in 
polled operation, held until the host requests the message. 



FIGURE 3. TM77B Block Diagram. 


Further insight into the operation of the TM77B can be 
gained by viewing its operation in terms of modes and 
status conditions. The TM77B has four operating modes 
and four status conditions. 



FIGURE 2. TM77B Front Panel. 


For all the following descriptions the terms input and 
output shall refer to input to, and output from, the 
TM77B. Internal operation of the TM77B is easily 
conceived as buffer memories for data received and 
transmitted via the serial interface, as indicated in the 
block diagram in Figure 3. In addition, the bar code 
reader provides five 50-character buffer memories for 
scanned data. Function messages are stored in a separate 
RAM memory area. The receive buffer receives incoming 
messages of up to 80 characters and when the message is 


OPERATING MODES STATUS CONDITIONS 


Ready 

Message Composition 
Auto Wand 
Manual Wand 


Message Waiting 
Output Pending 
Input Display 



OPERATING MODES 

READY MODE 


The Ready mode is the standby mode; it is entered on 
power-up or by pressing CE, CLR, or RESET. The 
symbol A in the output display indicates the Ready 
mode. The other display positions are blank. Ready 
mode is exited when any character or function message is 
entered into the output buffer from the keyboard or the 
bar code wand. The ready indicator will not be visible 
when an input message is being displayed; however, the 
terminal may be internally in Ready mode. When the 
TM77B is in the Ready mode, the receipt of an incoming 
carriage return CR, causes the display buffer to be loaded 
with the first 16 characters of the input message. The 
Input Display LED will come on. 
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MESSAGE COMPOSITION MODE 

Message Composition mode is entered from the Ready 
mode. If the terminal is in the Ready mode, entering any 
character or function message from the keyboard causes 
the terminal to enter Message Composition mode. It is 
indicated by having a character in the output buffer. A 
space is the only character that can leave the display 
buffer blank. Nondisplayable characters are displayed as 
#. Receipt of an incoming CR causes the Message 
Waiting LED to come on. Message Composition mode is 
exited by pressing CE, CLR, RESET or ENTER. 

AUTO WAND MODE 

Auto Wand mode will append valid data read in the bar 
code reader to any data in the output buffer of the 
TM77B, and transfer the output buffer to the transmit 
buffer. The data in the transmit buffer will be immediately 
transmitted in Single-Drop mode, or transmitted when 
polled by the host CPU in Polled mode. 

MANUAL WAND MODE 

Manual Wand mode will append valid data read in by the 
bar code reader to any data in the output buffer of the 
TM77B. This data will not be transmitted to the host 
processor until the ENTER key is depressed or until the 
ENTER command is read by the bar code reader. 
Keyboard data may be entered before or after bar code 
data is read. Any number of bar code reads may be 
accepted to the output buffer up to the 80-character limit. 
Bar code readings are not stacked in the five bar code 
buffers. 

COMMUNICATIONS MODES 

The TM77B operates in both the Polled and Nonpolled 
Communcations modes. In the Nonpolled mode, one 
microterminal is connected to each host serial commu- 
nication port. In the Polled mode, up to 63 microterminals 
may be connected to each host serial communications 
port. 

Nonpolled Mode 

In the Nonpolled mode, when a keyboard message is 
prepared and the ENTER key depressed, the data is 
immediately transmitted. In the Manual Wand mode, the 
data is also immediately transmitted when ENTER is 
depressed. In the Auto Wand mode, bar code data is 
automatically transmitted when a valid read is performed. 

Polled Mode 

In the Polled mode, when a keyboard message is 
prepared and the ENTER key depressed, the data is 
transferred to the transmit buffer. In the Manual Wand 
mode, the data is also transferred to the transmit buffer 
when the ENTER key is depressed. In the Auto Wand 
mode, bar code data is automatically transferred to the 
transmit buffer when a valid read is performed. 

The transmit buffer is transmitted to the host processor 
when the host sends the polling command (Request 


Buffer). The Output Pending LED indicates that a 
message has been transferred to the transmit buffer, but 
the host has not yet polled the microterminal. 

In the event there was an error in the transmission (wrong 
address, parity error, etc.), the buffer data can be 
requested again by the retransmit buffer command. If the 
request buffer command is sent again, a null message is 
transmitted to indicate no nCw data has been entered. 
This distinguishes between repeated data and new data. 
When the host sends messages or commands to the 
TM77B, they must be prefixed by two ASCII digits in the 
range 00 to 63 (see Table I). Address 00 is a special case 
which is accepted by all terminals addressed from 01 to 
63. This allows a single message to be received by all 
terminals on the multidrop line at the same time. 


TABLE I. Polling Address Selection. 


ADDRESS 

AE 

A4 

A3 

A2 

A1 

A0 

00 

0 

0 

0 

0 

0 

0 Nonpolled 

01 

0 

0 

0 

0 

0 

1 

02 

0 

0 

0 

0 

1 

0 

03 

0 

0 

0 

0 

1 

1 

31 

0 

1 

1 

1 

1 

1 

32 

1 

0 

0 

0 

0 

0 

33 

1 

0 

0 

0 

0 

1 

63 

1 . 

1 

1 

1 

1 

1 

Address lines A0 through A4: 

Logic 0= open 

Logic 1 = jumper to signal ground. 

Address extension AE: 

Logic 0 = open 

Logic 1 = jumper to ENABLE, pin 18. 





The RSt 422 interface must be used when more than one 
TM77B is connected to the communications interface. 
See Illustration section for suggested connections. Up to 
63 microterminals may be connected to a single com- 
munications part using RS-422. Since terminals are 
connected to the RS-422 interface in parallel, removing 
one terminal does not break the line or interface with 
operation of the remaining terminals. 

ERROR CONTROL PROTOCOL 

The TM77B has two types of error control modes - 
Normal mode and Extended Control mode. 

In Normal mode, data transmitted to the TM77B may 
contain parity for each character. If the microterminal 
receives a character with a parity error, that character will 
be ignored but the remainder of the transmission will be 
received. 

In Extended Control mode, the TM77B monitors parity 
for each incoming character as well as a checksum for 
each message. If the message is received correctly, the 
TM77B will transmit an acknowledgement to the host 
CPU. If the TM77B detects a parity or checksum error, 
the entire message is ignored and a message is sent to the 
host CPU indicating that an error has been received. 
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STATUS CONDITIONS 

MESSAGE WAITING 

Message Waiting status is the condition of being in 
Message Composition mode when the host sends an 
input message. The Message Waiting LED comes on to 
indicate a new input message is in the input buffer and 
may be viewed at the operator’s convenience by pressing 
RECALL, ENTER or CE. When any of these actions are 
taken, the Message Waiting LED goes off until the host 
sends another message while the terminal is in Message 
Composition mode. In addition, if the host sends a new 
message before the input buffer had been examined, the 
message is held in the receive buffer. The Message 
Waiting LED stays on until the operator presses 
RECALL. This causes the message to be transferred to 
the input buffer. 

OUTPUT PENDING 

Output Pending status occurs when the terminal is used 
in a polled configuration, as determined by rear panel 
connector jumpers, and an output message has been 
enabled by the ENTER key. The message is actually 
transmitted when the host polls the terminal. Until this 
happens the Output Pending LED stays on. In many 
installations this will happen so quickly that the operator 
may never actually see the LED come on. H owever, if the 
host were temporarily occupied with another task, the 
operator would know that the message had not been 
transmitted. The message actually enters the transmit 
buffer and waits there until the terminal is polled. A 
second output message may be composed in the output 
buffer; however, if ENTER is pressed for the second 
message before the Output Pending LED goes off, the 
first message is lost. 

INPUT DISPLAY 

The Input Display LED indicates when the display 
buffer is viewing the input buffer. This can happen in two 
ways. When the terminal is in Ready mode, an input 
message will automatically switch the display buffer to 
the input buffer causing the Input Display LE D to come 
on. The Ready Indicator will no longer be visible; 
however, the terminal is still in the Ready mode. 

When the terminal is in Message Composition mode, 
pressing RECALL switches the display buffer to the 
input display causing the Input Display LED to come on. 
The terminal is still in Message Composition mode. 
Pressing RECALL a second time will return the display 
buffer to its former position in the output buffer. 

OPERATING INSTRUCTIONS 

When power is applied to the TM77B, the Input Display 
LED will come on and the display will show the Ready 
Indicator which is a A in the left-most character position. 
A message consisting of up to 80 characters, including 
spaces, may be entered from the keyboard. Pushing the 
ENTER key causes the message to be transmitted to the 
host computer. The message will be sent each time 


ENTER is pressed; this is indicated by the display 
blinking. A bar code may be transmitted to the host 
computer by scanning a valid sequence. In Polled mode 
the Output Pending LED will come on until the host 
takes the keyboard or bar code message. The output 
buffer may be cleared by pressing CE. Pressing a key to 
start a new message will automatically clear the output 
buffer has been cleared by CE. In addition, the Function 
Message keys may be used to enter up to 16 different 
function messages into the output buffer. 

In Ready mode, when a message is received from the host 
computer, the first 16 characters of the message appear 
on the display. The Input Display LED comes on to 
indicate the display buffer is filled with a section of the 
input buffer. The entire message may be viewed by using 
ROL and ROR keys. When one of these keys is held 
down, the message will scroll through the display at 
approximately six characters per second. When any 
character key is pressed, the Input Display LED goes out 
and the character appears in the left-most part of the 
display with the rest of the display blanked. As other 
character keys are pressed, the message grows from left to 
right. DEL deletes the last character. If DEL is held 
down, characters will be deleted at approximately six 
characters per second. 

The TM77B will power-up in Auto Wand mode. The unit 
can be software-switched from one mode to another. 
Internally, the TM77B consists of 80-character receive 
and input buffers, a 16-character display buffer, 80- 
character output and transmit buffers, and five 50- 
character bar code data buffers. The display buffer is 
used to scan either the input buffer or the output buffer. It 
is switched from one to the other by pressing RECALL. 
When the display buffer is displaying the input butter, the 
front panel Input Display LED will be on. Complete 
operating details are contained in the following section. 

DETAILED KEY DESCRIPTIONS 

NUMERIC KEYS 

The numeric keyboard includes the digits 0 through 9, a 
minus sign and decimal point. 

FUNCTION MESSAGE KEYS [jg] [77] [~fT| etc. 

These keys are used to input function messages from the 
keyboard. The function messages may be one of the 
default strings &XX or it may be a user-defined string. 
When no user-specified string definition has been 
provided, the three characters of the default string 
appear. For a user-defined value, the last 16 characters of 
the string definition appear in the display. 

Incoming function messages appear with their first 16 
characters in the display. 

The first eight function messages are put in the output 
buffer by pressing FI through F8 keys and the remaining 
eight by pressing #/ FI through #/ F8. 

When no message has been defined, default messages 
appear in the display as &ZZ. ZZ represents 01 through 
08 for function keys FI - F8 and 1 1 through 18 for keys 
#/ FI through #/ F8 for a total of 16 values. 
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DISPLAY CONTROL L^JJM 
In normal operation pressing I — | will cause the message 
to move one character position to the left or until the last 
character of the message being examined is in the right- 
most position of the display. Pressing [►] causes the 
message to move one character to the right or until the 
first character of the message down causes the display to 
scroll by at approximately six characters per second until 
the first character is in the left-most, or the last character 
is in the right-most character position. Thus, in the 
Manual Wand mode, valid bar code data which is 
transferred to the output buffer can be inspected by 
pressing and [►] . 


RESET 


RESIT 


The RESET key allows the TM77B operator to initialize 
the internal functions. Pressing RESET is equivalent to 
turning on the power. Pressing RESET will cause host- 
defined messages to be lost. RESET may be disabled 
when the TM77B is installed. 


SPACE KEY I*™*) 

SPACE causes a blank to be entered into the output 
buffer. The right-most character becomes a blank. 


DELETE KEY 


DELETE 


DELETE deletes the right-most character. 


ENTER KEY | E " Tt " | 

ENTER is used to send messages from the output buffer 
to the host system. The ENTER key is used to input bar 
code data when in the Manual Wand mode. 


RECALL KEY 


RECALL 


If it is desired to examine the input message before 
entering or even completing the output message, the 
RECALL key may be pressed which causes the display 
buffer to be filled with the first 1 6 characters of the input 
message. The Input Display LED will come on. The input 
message may be examined by using [^] and . 
Pressing RECALL a second time will cause the display 
register to be filled with the 16 characters of the output 
buffer it contained when RECALL was pressed the first 
time. The Message Waiting LED is turned off, and 
remains off, after the first input message access with the 
RECALL key. Accessing the input message a second 
time fills the display buffer with the 16 characters it 
contained when the output message was accessed. Thus, 
if required, the operator can work through the input 
message composing an output message in response to 
small sections of the input message. 


CLEAR ENTRY AND CLEAR ALL KEY 



Pressing CE causes the TM77B to exit Message Com- 
position mode and the Ready Indicator to come on. The 
output buffer only is cleared. 


Pressing CLR causes the TM77B to exit message 


Composition mode, clears Output Pending LED, and 
causes the Ready Indicator to appear. The output, input, 
and receive buffers are cleared. The transmit buffer is not 
cleared. Although the Output Pending LED goes off, the 
host may still read the transmit buffer. Host-specified 
function messages are unaltered. Pressing RESET, if 
enabled by the back panel jumper, has the same effect; 
plus it sets function messages to their default power-up 
condition and clears the transmit and five bar code 
buffers. 

AUDIBLE OUTPUT 

The TM77B has audible outputs for the following 
functions: 

1 . Successful bar code scan audible output. A single tone 
“beep” indicates that a bar code has been successfully 
scanned. 

2 Buffer full audible alarm. A dual tone alarm signal 
indicates that the five bar code buffers (in Auto Wand 
mode) or the 80-character output buffer (in Manual 
Wand mode) are full and the terminal will not accept 
further inputs until data is transmitted. 

3. BEL code audible output. A single tone “beep” 
indicates that a key has been depressed. This feature is 
normally not enabled. It is enabled under control of 
the host CPU 

4. Key depression audible indication. A single tone 
“beep” indicates that a key has been depressed. This 
feature is normally not enabled. It is enabled under 
control of the host CPU (ESC)Un(CR). 

The audible output signal is available as a TTL level 
signal, BEEPER, on pin 10 of the PI connector. BEEPER 
is active whenever the audible alarm is sounding. 
BEEPER is a positive true level which goes “high” when 
activated. 

APPLICATIONS 

CONTROL FEATURES 

Certain input messages may be used by the host system to 
put the TM77B in special modes. Much of this is 
explained by the input messages of the Input Message 
Summary part of the Communications Protocol section. 
Additional comments are provided here. 

SCROLL DISPLAY mode causes any input message, 
being observed through the display, to circulate contin- 
uously from right to left at approximately six characters 
per second. 

FLASH DISPLAY causes any input buffer display to 
flash with 50 percent duty cycle approximately three 
times per second. 

BLANK DISPLAY causes any output buffer display to 
have all segments off. The input buffer will still be 
displayed. 

KEYBOARD LOCKOUT inhibits use of the keyboard, 
except RESET. 

SCROLL and FLASH may be stopped by use of CE, 
CLR, or RESET. BLANK DISPLAY and KEYBOARD 
LOCKOUT may be terminated from the keyboard with 
RESET. 
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REMOTE ENTER causes the input buffer to be trans- 
ferred to the transmit buffer and sent to the host 
computer. It will also transmit bar code read data from 
the output buffer to the host computer if the TM77B is in 
the Manual Wand mode. REMOTE ENTER may be 
used to test the TM77B, communications lines and host 
processor communications circuits. 

REMOTE CLEAR causes the same action as pressing 
CLR. That is, the receive, input, and output buffers are 
cleared. 

The TM77B RAM has 415 character locations which 
may be used for function messages. The function messages 
may be any length less than or equal to 70 characters as 
long as the total number of characters does not exceed 
415. This memory is assigned dynamically by the TM77B 
software. This means up to five messages may be 70 
characters each if only five are defined. Attempting to 
exceed this boundary will cause unpredictable results. 
Alternately, a maximum of eight messages of 50 char- 
acters each could be defined. The RAM definitions are 
used by the TM77B until the RAM definitions are 
deleted. This may be done with the RESET key or from 
the host processor. 

Function messages may contain any of the 1 28-character 
ASCII set. 

When control ASCII characters are part of normal input 
messages, they are stripped; however, they may be part of 
commands such as function message definitions. 

All function messages are transmitted to the TM77B as 
(ESC)Z where ZZ represents 01 through 08 and 10 
through 19. For output, &ZZ will be used as a default 
string if no message definition has been made in RAM. In 
this case the message will be transmitted as defined. 

The sequency (ESC)ZZ is considered to be part of a 
message. Do not confuse it with one of the (ESC) 
commands in the Input Message Summary Section. For 
example, (ESC)l(CR) is a complete and normal input 
message; it causes function message 1 to be put in the 
input buffer. Refer to Figure 4 which shows the Dis- 
playable Characters. 

CTRL X (Communication line entry only) 

The control character CAN(CTRL X) of the ASCII set 
has special meaning to the TM77B. When it is the first 
character of an input message, or the first character after 
the address characters in Polled operation, the TM77B 
will clear its receive and input buffers of previous 
messages and blink the Message Waiting LED once.-A 
new message following CRTL X will be in the input 
buffer. A command following CTRL X will be executed. 
This may be important for high priority messages to the 
operator. If the operator leaves the TM77B in Message 
Composition mode and two messages have been received, 
the first message will be in the input buffer and the second 
in the receive buffer. A third message or command will 
not be received unless (CTRL X) is used to clear the 
receive and input buffers. When the TM77B is in Ready 
mode, all messages come to the input buffer and the 
terminal goes to input display status. In this case the 
(CTRL X) has no effect on operation. 
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FIGURE 4. Displayable Characters. 

TURN AROUND DELAY 

When commands that cause an automatic reply are sent 
from the host, the TM77B can delay its reply for a 
programmable turn around time. The purpose of this 
feature is to allow the TM77B to operate with any host 
terminal handler software which cannot accept input 
immediately following the carriage return of a host 
output message. This is the case in many host systems. 
This delay has a default value of 40msec. This may be 
changed by the host by using the command string 
(ESC)LDDD(CR) where DDD represents 000 through 
254. This number sets the delay in increments of 10msec 
from 0 to 2.54 seconds. 


SELF TEST MODE 

The TM77B has provision for performing a self-test 
diagnostic routine. Self Test is entered by holding down 
any key while RESET is pressed and released. The 
message “RAMxxxROMxxxI/ Oxxx” is put in the 
display buffer and the write/ read memory test is 
performed. If the memory test passes, a “+” is put after 
“RAM”; else if there is a failure a is put in the display. 
Similarly, a program ROM checksum is calculated and 
compared with a ROM stored checksum. The same 
pass/ fail indicator is displayed. The I/O is tested by a 
write/ read cycle to the internal I/O device, and rotating 
test is performed on the Status LED’s. 

This sequence is repeated until RESET is pressed and 
released while no other key is pressed, which will then 
allow the TM77B to perform a normal power-up. During 
Self Test mode the TM77B is off-line and will not receive 
or transmit to a host processor. 

Self Test can only be accomplished if the back panel 
connector reset jumper is connected between pins 19 and 
21 . 
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COMMUNICATION DELAYS 

Some operations require a delay before the TM77B can 
accept another message or command. When a function 
message is defined, the TM77B requires at least 150msec 
before another message or command can be received. A 
host message which calls a predefined function message 
requires 1msec for each function message called before 
another message or command can be received. 

When software is written in a high level language, delays 
between messges will normally occur. When programs 
are written in assembly language on small systems such as 
single board computers, it may be necessary to design 
delays into the system software. Should the need arise, 
this is easily accomplished for high level languages as 
well. It is recommended that I/O commands to control 
port A for TM77B be followed by a 40msec. 


IMMEDIATE TRANSMISSION OF 
FUNCTION MESSAGES 

A function message can be transmitted immediately if the 
ASCII control character RS (Record Separator) is the 
last character of the definition. When this character is 
encountered while getting the function message from 
RAM or PROM, is is treated as if the ENTER key were 
pressed. This causes the function message to be trans- 
mitted along with any characters that were in the buffer 
when the function key was pressed. 

This feature, when used with CTRL D, allows function 
messages to have a completely user-determined end-of- 
line character string. This is accomplished by defining a 
function message as follows: (ESC)D02(MESSAGE) 
(CTRL D)(RS)(CR). 

When the F2 function key is pressed, (MESSAGE) 
preceded by any contents of the output buffer, is 
immediately transmitted. (MESSAGE) may include any 
type of line terminators such as (LF) or (EXT). (CTRL D) 
prevents the TM77B from adding a (CR) and ( RS) causes 
immediate transmission without the use of the ENTER 
key. 

The use of (RS) is especially important for high priority 
control messages for which it is desired that only one key 
be pressed. 

The only restriction on the message is the use of (CR). 
(CR) may not be contained in host-defined function 
messages. This is necessary because an imbedded (CR) 
will terminate the function definition. 

COMMUNICATIONS PROTOCOL 

The TM77B sends and receives 7-bit asynchronous 
ASCII character codes with one parity bit and two stop 
bits. One or two stop bits will be accepted for input. 
When parity is disabled, a mark or space as determined 
by P 1 jumpers is inserted for the parity bit. Parity may be 
even or odd and is selected by jumpers on P 1 . 


Characters with parity errors are displayed as non- 
displayable characters These jumpers also select the 
data receive and transmit rate. This rate may be 1 10, 300, 
600, 1200, 4800, 9600, or 19,200bps. 

Each message transmitted from the TM77B is terminated 
with a carriage return character. When operated in 
Polled mode, each message is preceded with its 2- 
character polling drop number. This is not counted as 
part of the 80 character message. 

For an input message, the TM77B requires that the 
message of up to 80 characters in length be terminated by 
a carriage return. Line feeds following a carriage return 
are discarded; otherwise they are displayed as non- 
displayable characters. Line feeds will be ignored as the 
first character of a message. A carriage return is not 
counted as one of the input characters. In Polled mode 
the message must begin with a drop number 00 through 
63. This is followed by up to 80 characters plus a carriage 
return. When the host polls the TM77B, it must send 
(ESC)XXAA(CR) where XX is the drop number of the 
particular TM77B (0 1 to 63). Drop number 00 causes an 
input message to be received by all terminals. 

Function messages of up to 80 characters in length may 
be defined by sending (ESC)DZ(MESSAGE)(CR). In 
Polled mode this would be XX(ESC)DZ(MESSAGE) 
(CR). Z represents the function message number 1 
through 8. Defined messages may be deleted by sending a 
new definition or(ESC)kDZ(CR). (ESC)DO(CR) deletes 
all function message definitions. 

To call a function message to the display from the host, 
the host sends (ESC)ZZ within a normal message or 
merely (ESC)ZZ(CR). The display buffer shows tne 
defined function message when a definition is present in 
RAM. The defined function message is transmitted on 
output. When no message has been defined, &ZZ is 
shown in the display of input and output messages. &ZZ 
is also transmitted in Output messages when no function 
message has been defined. 

It is important to remember the distinction between the 
host defining a function message and entering a message 
in the input buffer. The host may define function 
messages without entering them when they are for use by 
the operator through the function message keys. 

USER INPUT/OUTPUT PORT 

The TM77B has one 8-line input/ output port, referred to 
as Port A. It is accessed through a 1 4-pin connector. Each 
line will drive one TTL load. 

Port A is a user I/O port. It is a fully bidirectional bus, 
with an input strobe and an output strobe. It has two data 
modes - Decimal mode and ASCII mode. In Decimal 
mode, the data is encoded as three ASCI I characters and 
represents the decimal numbers 000 through 255. In 
ASCII mode, port data is encoded as single ASCII 
characters. 

Port A has two operational modes - continuous and 
noncontinuous. In the Noncontinuous mode data is 
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transferred one ASCII character (ASCII mode) or three 
decimal numbers (Decimal mode) per host processor 
command. In the Continuous mode data may be 
continuously transferred in and out of the port. The 
terminal responds only to the input message (ESC) which 
stops continuous input and output. In this mode, protocol 
is mostly determined by the host and the device connected 
to Port A. In the Continuous mode, the display holds the 
last display data and the keyboard is locked out. The 
Continuous mode is only usable in the Nonpolled mode. 

To summarize, port A has two data modes (ASCII and 
Decimal), two operational modes (Continuous and IN on- 
continuous) and may be used with or without parity. 

To characterize the operation of Port A, eight cases must 
be considered: 

Decimal , Noncontinuous , No Parity 
Decimal mode uses three characters to form a number 
from 000 through 255. This number gives full control to 
the eight output bits of Port A. For input from Port A, 
the eight bits are translated to a number from 000 
through 255 and transmitted to the host as three ASCII 
characters. The most significant digit is received and sent 
first. This mode is convenient for applications programs 
written in a high level language such as BASIC or 
FORTRAN. The I/O statements of such languages will 
allow the applications program to communicate directly 
with Port A without the need to call assembly language 
subroutines. 

On data input from the host processor, the eighth bit of 
each character may be a one or zero. If the host cannot 
control the eighth bit, it merely sends two stop bits. The 
TM77B will interpret the first stop bit as the eighth bit 
(B8=l) and the second as the stop bit. On output the 
TM77B will set the eighth bit to one or zero (mark or 
space) as determined by its connector jumpers. Use “bit 
eight equals one” to stimulate two stop bits if the host 
expects two stop bits. This is the case when no jumpers 
are connected (Mark parity). 

Decimal , Noncontinuous Parit y 

This mode operates exactly as the previous mode except 
that parity is used. When parity error are found in Port A 
data from the host, the data is not output to Port A. 
Characters are sent to the host with the parity bit set 
appropriately. 

Decimal , Continuous , No Parit y 

In this mode. Port A data may be sent from the host as a 
continuous stream of 3-character data as follows: 
DDD(CR)DDD(CR) 

Input from Port A is handled in a similar way. Each input 
strobe causes DDD(CR) to be sent to the host. If Port A 
is strobed faster than the transmission line can take the 
data, more than three characters will be sent between 
carriage return characters. 

The last three will indicate the data correctly at the time 
of the last strobe. Decimal Continuous mode is entered 
by the command string (ESC)P(CR). Parity is not 


checked and the eighth bit has the same consideration as 
discussed in Decimal, Noncontinuous, No Parity. 

Decimal , Continuous , Parity 

The port operates in this mode exactly as in the previous 
mode except that parity is used. When a parity error is 
found in any of the three data characters from the host, 
the data is not output to Port A. Input from Port A will 
have the appropriate parity bit added for transmission to 
the host. 

ASCII , Noncontinuous , No Parit y 
In this mode, a single ASCII character is received from 
the host and output to Port A. Bit 8 of Port A is not 
controlled. No check of the eighth bit input to Port A is 
made. The eighth bit considerations of the serial 
communications line characters are thesame as discussed 
in the Decimal, Noncontinuous, No Parity. On input 
from Port A the eighth bit of the serial characters 
transmitted to the host is set according to the jumpers on 
PI as a mark or space. A port output is illustrated by the 
string (ESC)Qa(CR). The “a” represents any of the 128, 
7-bit, ASCII characters. 

ASCII , Noncontinuous , Parit y 

In this mode, the port operates exactly as in the previous 
mode except that parity is used. When a parity error is 
detected in the host input data, no output to Port A is 
made. For input from Port A to the host, the parity bit is 
set appropriately, and the string (a)(CR) is transmitted to 
the host. 

ASCII , Continuous . No Parit y 

In this mode the host sends a continuous stream of 
characters (a)(a)(a)... Input from Port A to the host is 
handled in a similar way. Bit 8 is not checked or altered by 
the TM77B, input from the port is transmitted as 
received. This means that the TM77B does not alter 8-bit 
data. The host and the device connected to Port A may 
send and receive parity if they choose. Thus, the TM77B 
serves only as a serial-to-parallel and parallel-to-serial 
converter. This mode is entered by the host sending the 
string (ESC)O(CR). The continuous operation (ESC) 
character terminates continuous operation. 

ASCII , Continuous . Parit y 

In this mode, the port operates as in the previous mode 
except that the terminal uses parity. If a parity error is 
detected in the continuous stream from the host, the 
character with the error will not be output to Port A. The 
terminal will set the parity bit on data input from the 
port. 

DECIMAL MODE 

The decimal numbers from 000 through 255 represent all 
the 256 possible combinations of eight bits. Thus, each of 
the 8-bit lines may be individually controlled. 

To convert from the desired binary bit pattern to the 
corresponding decimal number the following method 
may be used. 
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Additional features are illustrated in Tables II, III, IV, 
and V and in the Control Features section. 

COMMAND DESCRIPTIONS 

The TM77B accepts a number of different Escape (ESC) 
sequences which serve as special commands. These 
commands consist of character strings starting with the 
ASCII control character (ESC) and terminated with a 
carriage return (CR). 

(ESC)A(CR) 

The A command polls the TM77B for any new output 
message which has been entered from the keyboard or 
bar code reader. This command may be used only once 
per message and is used only in Polling mode. 

(ESC)B(CR) 

The B command polls the TM77B for any new or old 
message in its output buffer. It may be used to cause the 
TM77B to transmit one entered message any number of 
times. 

(ESC)C(CR) 

The C command clears the input buffer. 
(ESC)DZZ(MESSAGE)(CR) 

The D command used with a message is used to define 
function messages in the TM77B RAM. The ZZ must be 
any number character from 0 1 through 08 and 1 0 through 
19. When the MESSAGE is not included in the escape 
sequence, the ZZ function message definition is deleted. 
If ZZ equals 00 and the message is not included, all 
function message definitions are deleted. When function 
messages are deleted from RAM, they assume the default 
values &ZZ. 

(ESC)En(CR) 

This command is used to set the A1 LED on or off. If 
n=l, the LED is turned on. It is turned off for n=0. The 
back panel A 1 TTL output is pulled low when the LED is 
on. 

(ESC)Fn(CR) 

This command serves for A2 as the previous E command 
does for Al. 

(ESC)Gn(CR) 

When n=l, the display continuously scrolls through the 
input buffer. Scrolling is stopped with n=0. 

(ESC)Hn(CR) 

When n=l, the display flashes message in the input 
buffer. The flashing is stopped with n=0. 


TABLE II. Input Message Summary - Nonpolled 
Operation. 


(MESSAGEHCR) 

Input message 

(ESC)A(CR) 

Request transmit buffer 

(ESC)B(CR) 

Retransmit transmit buffer 

(ESC)QCR) 

Clear input buffer 

( ESC )DZ( MESSAGEHCR) 

Define function message 

(ESC)DZ(CR) 

Delete function message 

(ESC)DO(CR) 

Delete all function messages 

(ESC)En(CR) 

Output to Al LED 

(ESC)Fn(CR) 

Output to A2 LED 

(ESC)Gn(CR) 

Scroll display control 

(ESC)Hn(CR) 

Flash display control 

(ESCiln(CR) 

Blank display control 

(ESC)Jn(CR) 

Keyboard lockout control 

(ESC)K(CR) 

Remote ENTER 

(ESC)LDDD(CR) 

Set turnaround delay 

(ESC)M(CR) 

Read port A ASCII 

(ESC)N(CR) 

Read port A Decimal 

(ESC)O(CR) 

Port A continuous ASCII 

(ESC)P(CR) 

Port A continuous Decimal 

(ESC)Qa(CR) 

Output "a” to port A, ASCII mode 

(ESC)RDDD(CR) 

Output to port A, Decimal mode 

(ESC)T(CR) 

Clears input, receive and output buffers 

(ESC)Un(CR) 

Keyboard audible indication control 

(ESC)Vm(CR) 

Auto Wand/Manual Wand control 

(CONTROL)X 

Clears receive and input buffers 

(ESC) 

Halt continuous I/O. 


NOTES: 


1. Parenthesis are not actually encoded. Shown for copy clarity only. 

2. (ESC) control commands may not be embedded in messages. 

3. n = 1 for ON: n = 0 for OFF. 

4. Z is function number, 1 to 8 

5. “a” is ASCII character 

6. m = 1 for Adto Wand; m = 0 for Manual Wand. 


TABLE III. Input Message Summary - Polled Operation. 


XX(MESSAGE)(CR) 

Input message 

XX(ESC)A(CR) 

Request transmit buffer 

XX(ESC)B(CR) 

Retransmit transmit buffer 

XX(ESC)C(CR) 

Clear input buffer 

XX(ESC)ZZ(MESSAGE)(CR) 

Define function message 

XX(ESC)ZZ(CR) 

Delete function messages 

XX(ESC)DO(CR) 

Delete all function messages 

XX(ESC)EntCR) 

Output to Al LED 

XX(ESC)Fn(CR) 

Output to A2 LED 

XX(ESC)GnfCR) 

Scroll display control 

XX(ESC)Hn(CR) 

Flash display control 

XX(ESC)ln(CR) 

Blank display control 

XX(ESC)Jn(CR) 

Keyboard lockout control 

XX(ESC)K(CR) 

Remote ENTER 

XXfESC)LDDD(CR) 

Set turnaround delay 


XX(ESC)M(CR) 

XX(ESC)N(CR) 

XX(ESC)Qa(CR) 

XX(ESC)RDDD(CR) 

XX(ESC)T(CR) 

XX(ESC)Un(CR) 

XX(ESC)Vm(CR) 

Read port A, ASCII 

Read port A, Decimal 

Output to port A, ASCII mode 

Output to port A, Decimal mode 

Clears input, receive, output buffers 
Keyboard, audible indication control 

Auto Wand/Manual Wand control 

NOTES: 

1. Continuous I/O not allowed in polled operation. 

2. A poll address of 00 on an input message or command will be accepted 
by all terminals, but any transmission will be suppressed from the 
terminals. 

3. n = 1 for ON; n = 0 tor OFF. 
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TABLE IV. Output Message Summary - 
Nonpolled Operation. 


MESSAGE(CR) 

Response to ENTER, (ESC)A(CR), (ESC)B(CR) or 


(ESC)K(CR) 

a(CR) 

Response to (ESC)M(CR), ASCII mode 

DDD(CR) 

Response to (ESC)N(CR), Decimal mode 

(CR) 

Response to (ESC)A(CR), (ESC)B(CR). or 


(ESC)K(CR) when output buffer is empty. 


TABLE V. Output Message Summary - Polled Operation. 


XX(MESSAGE)(CR) 

Response to XX(ESC)A(CR), XX(ESC)B(CR), 

or XX(ESC)K(CR) 

XXaCR 

Response to XX(ESC)M(CR), ASCII mode 

XXDDD(CR) 

Response to XX(ESC)N(CR), Decimal mode 

XX(CR) 

Response to XX(ESC)A(CR), (ESC)B(CR), or 

(ESC)K(CR) when the buffer is empty. 

NOTES: 


1. XX = polling drop number 01 through 16. 

2. ZZ = function message number 01 through 08 or 10 through 19. 

3. a = ASCII character to or from port A. 

4. DDD = Decimal number 000 through 256 transmitted as three 
characters. 

5. n = control characterO = off, 1 =on. 


(ESC)In(CR) 

When n=l, data in the output buffer from the keyboard 
or bar code reader is not displayed. Data from the host 
processor in the input buffer is displayed normally. Data 
is transmitted normally even when the output display is 
blanked. Blanking is stopped when n=0. 

(ESC)Jn(CR) 

When n=l, the keyboard is locked out. The keyboard is 
enabled if n=0. This command does not affect bar code 
data. 

(ESC)K(CR) 

The K. command moves data from the input buffer to the 
transmit buffer for immediate transmission. This 
command is used for testing communications circuits and 
lines. 

(ESC)LDDD(CR) 

This command sets the delay time from receipt of a 
command from the host processor to the automatic 
replay. DDD is 000msec to 255msec. Default is 40msec. 

(ESC)M(CR) 

Reads port A once in ASCII mode, one character. 
(ESC)N(CR) 

Reads port A once in Decimal mode, three characters. 
(ESC)O(CR) 

Sets port A to continuous, ASCII mode, nonpolled only. 
(ESC)P(CR) 

Sets port A to continuous. Decimal mode, nonpolled 
only. 

(ESC)Qa(CR) 

Outputs one character, “a”, to port A, ASCII mode. 


(ESC)RDDD(CR) 

Outputs three characters, “DDD”, to port A, Decimal 
mode. 

(ESC)T(CR) 

The T command clears input and output buffers and 
places the TM77B in Ready mode. Action is same as 
using the CLR key. 

(ESC)Un(CR) 

The U command controls the keyboard audible indi- 
cation signal. When n = 1, an audible signal indicates 
each key depression. When n=0, there is no audible signal 
on key depression. n=0 is default state. 

(ESC)Vm(CR) 

When m=l , the Auto Wand mode is enabled. When m=0, 
the Manual Wand mode is enabled. 

CONTROL X 

The control X command character clears receive and 
input buffers even if both are full. This command is the 
only one without the ESCAPE character and not 
terminated with a carriage return (CR). The sequence 
(CONTROL X)(ESC)T(CR) guarantees that the receive, 
input and output buffers are cleared. 

INSTALLATION 

Installation of the TM77B consists of mechanical 
mounting and back panel or edge connector wiring. The 
TM77B is designed to be mounted on a flat surface. Its 
back panel provides six threaded holes for attachment; 
screws are provided. In addition, cutouts must be 
provided for access and clearance to connectors PI and 
P2. Required mechanical dimensions are discussed later. 
Connector wiring for PI (see Figure 5) may be ac- 
complished with the aid of Tables VI, VII, and VIII. It is 
only necessary to connect +5 V power, supply return, data 
transmit (TX), data receive (RX), and signal ground to 
make the TM77B functional. Note that supply return and 
signal ground are internally connected only if the 5VDC 
power supply option is used. Without further connections 
the TM77B will operate at 300bps, a marking parity bit, 
nonpolled operation, and the front panel RESET key 
disabled. Baud rate and polling addresses are set by 
connecting the indicated pins to signal ground (pin 7) on 
the mating connector. Parity and AE, the polling address 
extension, are set by connecting the indicated pins to 
ENABLE (pin 18). The RESET key is enabled by 
connecting a jumper between pin 19 and pin 21 of PL 
Request to Send and Clear to Send RS-232-C functions 
are operative if required by the host system or modem. 
Clear to Send input is active if left open-circuited. Data 
Terminal Ready output is continuously active (detailed 
connection diagrams are provided in Figures 10 and 1 1). 
The RESET key will be disabled at installation if no 
jumper is installed from pin 19 to pin 21 of PL When this 
jumper is removed, the RESET function may be done by 
a remote switch or a TTL signal through Pin 19 (see 
Figure 6). When the jumper is installed, the front panel 
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RESET key may be used to initialize external devices. A 
“wired OR” connection may also be made. 


TABLE VI. Listing of Connector PI pins. 


| R8-232-C J 

a 8-422 1 

1 

Supply Return \ 

1 

Supply RTN 

2 

TX 

2 

+OUT \ 

3 

RX VRS-232-C 

3 


4 

Request to Send Output! 

4 

+IN 

5 

Clear to Send Input / 

5 

-IN f 

6 

A1 LED 

6 

A1 LED 

7 

Signal Ground 

7 

Signal Ground 

8 

A2 LED 

8 

A2 LED 

9 

JJ 

9 


10 

BEEPER 

10 

BEEPER 

11 

BAUD BO 

11 

BAUD BO 

12 

BAUD B1 

12 

BAUD B1 

13 

BAUD B2 

13 

BAUD B2 

14 

24.VAC/5VDC Power In 

14 

24VAC/5VDC Power In 

15 

Parity PO 

15 

Parity PO 

16 

Parity PI 

16 

Parity PI 

17 

Address Extension 

17 

Address Extension 

18 

ENABLE 

18 

ENABLE 

19 

RESET IN 

19 

RESET IN 

20 

Data Terminal Ready Output 

20 

Data Terminal Ready Output 

21 

RESET OUT 

21 

RESET OUT 

22 

AO \ 

22 

TO ) 

23 

1 Polling 

23 

A1 1 Polling 

24 

^2 j Address 

24 

A2 ( Address 

25 

*3 J 

25 

A3 ) 


Accepts #4-40 screw 



Mites with -TWR Cinch DB-25P 
Burr-Brown 2525MC 

The 2525MC consists of the following AMP Inc. part numbers: 

1. Male HOP connector - 205208-1 

2. Individual pins (solder connector) - 1 -66506-0 

3. Hand tool to insert pins in connector - 91067-2 

4. Male screw retainer kit - 205980-1 

5. Shield assembly - 205718-1 


FIGURE 5. 25-Pin D Style Connector PI Back 
Panel View. 



FIGURE 6. Reset In and Reset Out Equivalent Circuit. 


TABLE VII. Baud Rate Selection. 


Baud Rate 

B2 

B1 

B0 

300 

1 

1 

1 

600 

1 

1 

0 

1200 

1 

0 

1 

2400 

1 

0 

0 

4800 

0 

1 

1 

9600 

0 

1 

0 

19200 

0 

0 

1 

110 

0 

0 

0 

T Logic 0 = jumper to signal ground 1 

(pin 7) 



Logic 1 = open 


1 


TABLE VIII. Parity Bit Selection. 


Parity Bit 

PI 

P0 

SPACE 

0 

1 

EVEN 

0 

0 

ODD 

1 

0 

MARK 

1 

1 

(MARK = Logic 1 ) 

Parity errors displayed as # 
Mark/Space not detected on 
input 

Logic 0 = jumper to ENABLE 
(pin 18) 

Logic 1 = open 


Interface to the P2 I/O ports (shown in Figure 7) may be 
accomplished by reference to Figures 8 and 9 and Table 


IX. 


0.10 

L_ 

0.10 TYP 

in r 


/ r«n 




i 


■ ■ 

L 

1 

14 

2 

' 0.025 SQUARE POST 

MATES WITH RIBBON CABLE CONNECTORS 


FIGURE 7. 14-Pin Connector P2 Back Panel View. 


DATA 


IS 

INPUT 

STROBE 


~ Y H PORT A INPUT DATA 


[*— 800nsec min. 

\j 


V///////////////////A 


FROM 

TM77B 


FIGURE 8. Output Timing. 


DATA “ 

ZZX -JC 

__P0RT A OUTPUT DATA 


— Ji k 800nsec. min. 


OS 



OUTPUT 

■jw. 

y FROM 

STROBE 

— H r- 1-6mS8c. min. 

TM77B 


FIGURE 9. Input Timing. 
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TABLE IX. Listing of Connector P2 Pins - TM77B. 


1 

Signal Ground 

2 

AO 

3 

A1 

4 

A2 

5 

A3 

6 

A4 Port A: Input and Output 

7 

A5 

8 

A6 

9 

A7 

10 

OS Output Strobe 

11 

IS Input Strobe 

12 

Signal Ground 

13 

24VAC 

14 

24VAC Return 

NOTES: 

1 . Logic positive true for port A. 

2. Logic low 0.4V at 1.6mA. 

Logic high 3.5V at lOO^A. 

3. Mating connector - Burr-Brown 

model 2014MC. 


RS-422 

RS-422 electrical connections are in Figure 10. All 
terminals are connected in parallel. Note that resistors 
are recommended at the end of the transmission lines 



~ T 


HOST 

CPU 

+ 

0UJ 



m 

mm 





u 

gSBI 






B 


Ikn^ 




+ - 


1 


1 


TM77B TM77B 



FIGURE 10. RS-422 Electrical Connections. 

RS-232-C 

Figures 1 1 and 12 show the RS-232-C equivalent input 
and output circuits. 


3 4kn l 

RY Mi . 

pJ 

lOkn : 

RP 

ZT SIGNAL G 

ND MARK -3.0V 
SPACE ^ +3.0V 


FIGURE 1 1. Input Equivalent Circuit. 



Short circuit protected 

Output Current (short circuit to Ground) > ±3mA 
Mark -6.0V with 3k n load 
Space ^ +6.0V with 3k n load 

NOTE: ±12V are generated from +5V by an internal DC to DC converter. 

FIGURE 12. Output Equivalent Circuit. 


SPECIFICATIONS 


DISPLAY 


Number of Characters 
Internal Buffers 

16-alphanumeric 

Receiver 

80 characters 

Input 

80 characters 

Output 

80 characters 

Transmit 

80 characters 

Bar Code 

5 x 50 characters 

Type of Digit Display 

16-segment 

Character Height 

FUNCTION LIGHTS 

3.6mm (0.14") 

Host Controlled Lights 

Two 

Status Lights 

Three message waiting/ 
output pending/ 
input display 

Type of Light 

KEYBOARD 

Red, LED 

Type of Keyboard 

Alphanumeric / N umeric 

Number of Function Keys 

Sixteen 

User Programmable 

MATERIALS 

Yes, up to 70 

Characters each 

Front Panel 

Polycarbonate 

Back Panel 

Black Anodized 
Aluminum 

Case 

ABS Plastic 

The front panel will be attacked 

by these chemicals: 

Chlorinated or 
Fluorinated 
Hydrocarbons 

PVC Plasticizing Agents 
Amines 

DO NOT USE FLUOROCARBONS 

(TMC, FREON, ETC.) TO CLEAN. 

TEMPERATURE RANGE 

Operating 

0°C to +50° C 

Storage 

POWER SUPPLY 

0°C to +60° C 

Nominal Voltage Range 

15VAC to 28VAC 
22VDC to 40V DC 

Current 

420mA 

WEIGHT 

COMMUNICATION 

INTERFACE 

Maximum Transmission 
Distance 

580 grams (20 oz.) 

RS-422 

1200 meters (4000 feet) 

RS-232-C/V.24 

RS-422 

15 meters (50 feet) 

Differential Output 
Voltage (open circuit) 

5V 

Output Impedance 
(when active) 

ioon 

Output Impedance 
(when inactive or 
(power off) 

250kH 
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6V or less 
6000H (minimum) 

Yes 

-10VDC 
+ 10VDC 

-3VDC to + 15VDC 
+ 3VDC to + 15VDC 

Codes Available 
Code 39 
UPC/EAN 
Two of five 
Interleaved two of five 
Codabar 

Other codes available upon 
request 


Differential Input Voltage 
Input Impedance 
RS-232-C 

Modem Control Signals 
Output Voltage 
Logic 1 
Logic 0 
Input Voltage 
Logic 1 
Logic 0 

BAR CODE READER 


ACCESSORIES 


25-pin mating connector - 2525MC 

14-pin mating connector for I/O ports - 2014MC 


MECHANICAL 

DIMENSIONS 

Figure 13 shows the mechanical dimensions for the 
TM77B 


Black ABS Plastic 



TM77B Is shipped with six #4-40. 3/8-inch pan head screws. 


FIGURE 13. Mechanical Dimensions. 


DIGITAL INPUT/OUTPUT PORT 

TTL Compatible Yes 

Number of I/O Lines Eight 

Input strobe One 

Output drive One TTL load 

ENVIRONMENTAL SPECIFICATIONS 

0°C to 50° C 

95% relative humidity noncondensing 
Contact factory for extended temperature range 
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MICROCOMPUTER I/O SYSTEMS 


Thisfull line of /jlC compatible I/O boards is available 
off-the-shelf. Design features let you put your 
microcomputer-based system together fast, using 
these analog and digital I/O’s that offer: simple 
software requirements; memory-mapped designs; 
up to 64 input channels per board; analog inputs 


and outputs on the same board; 8- or 12-bit reso- 
lutions; software programmable gains; relay out- 
puts; isolated digital I/O. Plug compatible with Intel, 
DEC, National, Motorola, Rockwell, Zilog, Synertek, 
AMC and others. 


SELECTION GUIDE 


Compatible 

Microperipheral 

Digital 

Digital 

Number 



Price ($) 

With 

Model 

Input 

Output 

Channels 

Isolated 

Features 

1 -9 

Motorola! i) 

MP701 


• 

16 

• 

Relay output 

335.00 

and 

MP702 


• 

32 

• 

Relay output 

555.00 

Rockwell^) 

MP710 

• 


24 

• 

Contact closure input 

410.00 


MP710-NS 

• 


24 

• 

Voltage input 

335.00 

IntelO) 

MP801 


• 

16 

• 

Relay output 

335.00 

and 

MP802 


• 

32 

• 

Relay output 

555.00 

National!*) 

MP810 

• 


24 


Contact closure input 

410.00 


MP810-NS 

• 


24 


Voltage input 

335.00 


Compatible 

With 


MotorolaO) 

and 

Rockwell^) 


IntelO) 

and 

National!*) 


Microperipheral 

Model 

MP1104 

MP1216 

MP1216-PGA 

MP2216 

MP2216-AO 

MP7104 

MP7105-NS 

MP7208 

MP7216 

MP7218 

MP7408 

MP7408-AO 

MP7408-NS 

MP7408-NS-AO 

MP7432 

MP7432-AO 

MP7432-NS 

MP7432-NS-AO 

MP7504 

MP7608 

MP7608-I 

MP8304 

MP8305 

MP8305-NS 

MP8316-I 

MP8316-V 

MP8418 

MP8418-AO 

MP8418-PGA 

MP8418-PGA-AO 

MP8418-EXP 

MP8608 

MP8608-AO 

MP8616 

MP8616-AO 

MP8632 

MP8632-AO 


Analog Analog 
Input Output 


Inputs 

High Low 

Level Level 


Analog 

Reso- 

Number 

Channels 

Features 

Price i $ > 

Page 

lution 

Input 

Output 

1 -9 

12 


4 

General purpose 

550.00 

10-10 

12 

32 SE 


General purpose 

550.00 

10-12 

12 

32 SE 


PGA(8) 

695.00 

10-12 

12 

32 SE 


General purpose 

665.00 

10-15 

12 

32 SE 

2 

AI/AQ on one board 

825.00 

10-15 

12 


4 

General purpose 

725.00 

10-17 

12 


4 

General purpose 

808.00 

10-17 

12 

8 DIF 


General purpose 

725.00 

10-17 

12 

16 SE 


General purpose 

725.00 

10-17 

12 

16 SE 


Low cost 

450.00 

10-21 

8 

16 SE 


Low cost 

375.00 

10-23 

8 

16 SE 

2 

AI/AO on one board 

489.00 

10-23 

8 

16 SE 


Low cost 

289.00 

10-23 

8 

16 SE 

2 

AI/AO on one board 

409.00 

10-23 

8 

64 SE 


Low cost 

489.00 

10-23 

8 

64 SE 

2 

AI/AO on one board 

609.00 

10-23 

8 

64 SE 


Low cost 

409.00 

10-23 

8 

64 SE 

2 

AI/AO on one board 

532.00 

10-23 

8 


4 

Isolated outputs 

695.00 

10-25 

12 

8 DIF 


Overvoltage protect. 

595.00 

10-27 

12 

8 DIF 


4mA to 20mA inputs 

595.00 

10-27 

12 


4 

General purpose 

695.00 

10-29 

12 


4 

General purpose 

518.00 

10-29 

12 


4 

General purpose 

550.00 

10-29 

12 


16 

4mA to 20mA inputs 

650.00 

10-33 

12 


16 

Voltage output 

550.00 

10-33 

12 

32 SE 


General purpose 

595.00 

10-35 

12 

32 SE 

2 

AI/AO on one board 

795.00 

10-35 

12 

32 SE 


PGA(8) 

650.00 

10-35 

12 

32 SE 

2 

PGA(8) 

850.00 

10-35 

12 

96 SE 


Use with MP8418 

495.00 

10-39 

8 

8 DIF 


Low cost 

470.00 

10-41 

8 

8 DIF 

2 

AI/AO on one board 

625.00 

10-41 

8 

16 SE 


Low cost 

375.00 

10-41 

8 

16 SE 

2 

AI/AO on one board 

470.00 

10-41 

8 

64 SE 


Low cost 

589.00 

10-41 

8 

64 SE 

2 

AI/AO on one board 

750.00 

10-41 
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NOTES: 1) Micromodule and EXORciser®. 2) SYSTEM 65.3) MULTIBUS™, SBC80, ICS80 and Intellec MDS, compatible. 4) BLC80. 5) LSI-11, LSI-11/2, 
LSI-1 1/23, PDP-1 1/03, and PDP-1 1/23. 6) Z-80 MCB and Z-80 MCZ. 7) Software programmable gain. 
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MP701 

MP702 


MICROCOMPUTER DIGITAL OUTPUT SYSTEMS 



DESCRIPTION 

The MP701 and MP702 are digital output 
microperipheral boards designed to be used with 
Motorola 6800 microcomputer systems. The 
microperipheral boards are electrically and 
mechanically compatible with Motorola’s 
Micromodule and EXORciser development system. 
The MP701 has 16 digital output channels, and the 
MP702 has 32 digital output channels. Each digital 
output channel is implemented with a protected reed 
relay. 

Relays are used to provide low “on-impedance”, high 
output current and output isolation. Each output is 
isolated from the computer bus up to 600VDC and 
from channel to channel up to 300VDC. This means 
that the computer is protected from voltage 
transients and malfunctions. In addition, since each 
channel is isolated, the voltage switched by each line 
is not critical, and ground loops are avoided. The 
varistors protect each relay contact by suppressing 
high voltage transients such as those encountered in 
inductive circuits. 

These boards appear as memory locations to the 
user. Data written on the data bus controls the status 
of each output. A “1” will close an output, a “0” will 
open an output. Any memory write command may 
be used. Each write command controls the status of 
eight channels. Address bits AO and A1 on the 
MP702 and AO on the MP701 select which set of 
eight outputs are controlled. The remainder of the 
address lines are used to select the board itself. 
Because the address block occupied by each board is 
user selectable, it can be placed anywhere in memory. 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


Typical at +25°C and rated supplies unless otherwise noted. 


ELECTRICAL 

NUMBER OF CHANNELS 

MP70I 

MP702 

16 

32 

DIGITAL OUTPUT 

Watts DC (resistive load) max 

Amps (resistive load) max 

Voltage (resistive load) max 

Life (resistive load) min 

Initial contact resistance max 

Actuate Time 

De-Actuate time 

Bounce time 

10 watts 
.5 amps 

28 Vrms 

I0 A operations 
.2 ohms 
250/usec 
250/xsec 

1 50/usec 

TRANSIENT PROTECTION 

Continuous power rating 

Discharge capacity 

250m W 

30 watt-seconds 

COMPUTER BUS 

All signals compatible with Motorola 

EXORciser and Micromodules system 

Logic Loading 

Output Coding 

1 LSTTL 

0 Open Contact 

1 Close Contact 

POWER REQUIREMENTS 

Voltage 

Supply Drain max, MP70I 

Supply Drain max, MP702 

5VDC, ±5% volts 
.4 amp 
.7 amp 

ISOLATION VOLTAGE 

Between microcomputer bus and outputs 

Between outputs 

600V DC 

300V DC 

OPERATING TEMPERATURE 

0 to +70°C 




MECHANICAL 


Compatible -with Micromodules and Exorciser card 
spacing. 

Minimum card spacing: 12.7mm (0.5"). 

Microcomputer bus connector required: 86 pin PC edge 
connector with 0.156" contact centers (SAE-43D/ 1-2). 
50 pin output edge connector on board. 

A mating connector is available from Burr-Brown: 
2250MC (Viking * 3VH25/1JN5, solder tab), a 
Scotchflex connector is available from 3M: 3415-0001. 


OPERATING 

INSTRUCTIONS 

PROGRAMMING 

Each digital output channel appears as one bit of memory 
to the microcomputer. The channels are selected in 
groups of eight by A0 on the M P70 1 and by A 1 -A0 on the 
MP702. Writing a 1 to an output channel closes the 
output contact; writing a 0 to an output channel opens the 
output contact. Once an output is defined, it will remain 
in that state until redefined by another write to that byte. 
For example, to open channels 0, 2, 6, and close channels 
1, 3, 4, 5, 7 with an MP702 as shipped from the factory 
execute: 

LDA £$BA 
STA $91FC 

where B A ( 1 0 1 1 1 0 1 0) is the data written to the board and 
9 1 FC is the address of channels 0-7. Refer to Table I for a 
description of which data and address lines control which 
output channels. 


Data 

Bus 

ADDRESS LINES (Al, A0) | 

00 

01 


11 

D7 

7 

15 

23 

31 

D6 

6 

14 

22 

30 

D5 

5 

13 

21 

29 

D4 

4 

12 

20 

28 

D3 

3 

11 

19 

27 

D2 

2 

10 

18 

26 

D1 

1 

9 

17 

25 

DO 

0 

8 

16 

24 


Channel Number 

TABLE I. Data - Address - Channel Relationship. 
0 = open, 1 = close. 


The M P70 1 and M P702 are passive during a read to their 
memory locations. Therefore, other memory or I/O 
devices may be placed at the same address without 
interfering with the microperipheral’s activities. 

DIGITAL OUTPUT CHANNEL 

Each output is capable of switching an inductive load. 
Transient suppressors are used across each output switch 
to protect the output relay from damage due to surges 
when the contact is opened. A typical output circuit and 
the load circuit that it might drive are shown in the figure 
below. 
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Each relay is rated to .5 amps and 100 volts maximum. 
The transient suppressor reduces the maximum voltage 
to 28Vrms. 








MICROCOMPUTER DIGITAL INPUT SYSTEM 


A 24-CHANNEL ISOLATED DIGITAL INPUT SYSTEM COMPATIBLE 
WITH MOTOROLA MICROMODULE/EXORciser® AND 
ROCKWELL SYSTEM 65 



FEATURES 

ISOLATED FROM COMPUTER BUS 
AND CHANNEL TO CHANNEL 

• CONTACT CLOSURE OR VOLTAGE INPUTS 

• REDUCES SYSTEM DEVELOPMENT TIME 

System engineered and specified 
Plug compatible 
Easy to program 

Operates from computer power supply 

• 70°C BURN-IN 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: I 
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DESCRIPTION 


This microperipheral board provides 24 digital input 
channels that interface electrically and mechanically with 
Motorola Micromodule® and EXORciser® micro- 
computers. It is contained on a single printed circuit 
board that operates from the computer’s +5VDC power 
supply. Digital inputs enter through a card edge 
connector located opposite the bus connector. 

The MP710 operates with dry relay contacts - MP710-NS 
operates with voltage inputs (wet relay contacts). The 
MP710 may be modified by jumper selection to operate 
with voltage or contact closure inputs, or a mixture of 
both. Inputs are arranged in groups of eight. Each group 
is isolated from other groups and from the computer bus 
up to 600 VDC. Isolation between inputs is 300 VDC 
(MP710-NS). Isolation protects the computer from 
voltage transients and malfunctions. In addition, since 
each input is isolated, the voltage switched by each line is 
not critical and ground loops are avoided. 

MP710’s are programmed as memory locations. Each 
input is one memory bit and any read command may be 
used. When the board is read, logic 0 represents an open 
contact (low voltage); logic 1, a closed contact (high 
voltage). Each read command inputs the status of eight 
channels. Address bits AO and A 1 select the set of inputs 
to be read. The remainder of the address lines are used to 
select the board itself. The address block occupied by 
each board is selectable and can be located anywhere in 
memory. 

® Motorola 


INSTALLATION 


These units are shipped from the factory ready for 
immediate use. Installation requires only plugging the 
card into any empty slot in the computer and wiring the 
input connector. 


MECHANICAL 

Compatible with Micromodule and EXORciser card 
spacing. 

Minimum card spacing: 12.7mm (0.5"). 

Microcomputer bus connector required: 86 pin PC edge 
connector with 0.156" contact centers (SAE-43D/ 1-2). 
Two 50 pin output edge connectors on board. 

A mating connector is available from Burr-Brown: 
2250MC (Viking # 3VH25/1JN5, solder tab). A 
Scotchflex connector is available from 3M: 3415-0001. 


SPECIFICATIONS 


Typical at +25°C and rated supplies unless otherwise noted. 


ELECTRICAL 

INPUT CHARACTERISTICS 


Number of Channels 

24 

Input Impedance 

15kn 

Input Delay Times 


Open to closed 

25*xs, max 

Closed to open 

100ms, max 

VOLTAGE SENSE 


MP710-NS 


Minimum voltage to detect a logic 1 

17V 

Maximum voltage to detect a logic 0 

4V 

CONTACT CLOSURE SENSE 


Rdoied 


MP710 (on board ±12V supply) 

6kn, max 

MP710-NS 


at 24V across contacts 

6kH, max 

at 48V across contacts 

30kO, max 

at 60V across contacts 

58kfl, max 

Rop«n 


MP710 (on board ±12V supply) 

80kfl, min 

MP710-NS 


at 24V across contacts 

80kH, min 

at 48V across contacts 

175kfl, min 

at 60V across contacts 

235kfl, min 

Maximum voltage (V s ) across input 


without damage 


MP710 

120V AC, rms, max 


60VDC, max 

MP710-NS 

168 VAC, rms, max 


84V DC, max 

ISOLATION VOLTAGE 


Between microcomputer bus and inputs 

600VDC 

Between inputs (MP710-NS only) 

300V DC 

Between groups of 8 inputs 

600V DC 

POWER REQUIREMENTS 


MP710 

r +5VDC ±5% at 400mA 


I+12VDC ±5% at 100mA 

MP710-NS 

+5 VDC ±5% at 400mA 

COMPUTER BUS 


All signals compatible with Motorola 


Micromodule and EXORciser systems 


Logic loading 

1 LSTTL Load 

Input coding 

Logic 0: open contact 


Logic 1 : close contact 

TEMPERATURE RANGE 


Operating 

0 to +70°C 


TABLE I. Electrical Specifications 


DEFINITION OF SPECIFICATIONS 

INPUT DELAY TIME 

OPEN TO CLOSED - The delay required to detect an input contact closure 
switching from open to closed. 

CLOSED TO OPEN - The delay required to detect an input contact closure 
switching from closed to open. 

CONTACT CLOSURE IMPEDANCES 

Rci osed - The impedance of an input contact closure when closed. Rclosed 
specifications are the maximum impedance allowed to reliably detect a closure. 
See Figure i. 

Ropen - The impedance of an input contact closure when open. Ropen specification 
is the lowest impedance allowed to reliably detect an open contact. 

See Figure 1. 
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MICROCOMPUTER DIGITAL OUTPUT SYSTEMS 


A 16- OR 32-CHANNEL RELAY OUTPUT SYSTEM COMPATIBLE 
WITH INTEL SBC80 AND INTELLEC MDS MICROCOMPUTERS 


rrn 

N £1 




L _ | TRANSIENT 

PROTECTION 


TYPICAL OF 32 OUTPUTS 


DATA BUS 
INTERFACE 


FEATURES 

► ISOLATED FROM COMPUTER BUS 

AND CHANNEL TO CHANNEL 

• TRANSIENT PROTECTION 

► EASY TO PROGRAM AND USE 

* MEMORY-MAPPED 

► BURNED-IN 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 












DESCRIPTION 

The MP801 and MP802 are digital output (contact 
closure) microperipheral boards that are electrically and 
mechanically compatible with Intel’s SBC80 and Intellec 
MDS microcomputer systems. The MP801 offers 16 
digital output channels and the MP802, 32 digital output 
channels. 

Each channel is implemented by a protected reed relay 
and can handle up to 10 watts. Relays provide low “on- 
impedance” and high output current and isolate output 
channels from the computer bus and from channel to 
channel. Isolation insures that ground loop problems are 
avoided. The computer is protected from component 
failures caused by voltage transients and malfunctions 
occurring in the outside world. 

M P80 1 and M P802 appear as memory locations and data 
written on the data bus controls the status of each output. 
A logic 1 will close an output. A logic 0 will open an 
output. Any memory write instruction may be used. 

SPECIFICATIONS 


Typical at +25°C and rated supplies unless otherwise noted 


ELECTRICAL 

NUMBER OF CHANNELS 

MP80I 

MP802 

16 

32 

DIGITAL OUTPUT 

Watts DC (resistive load) max 

Amps (resistive load) max 

Voltage (resistive load) max 

Life (resistive load) min 

Initial contact resistance max 

Actuate Time 

De-Actuate time 

Bounce time 

10 watts 

0.5 amps 

28 Vrms 

10 h operations 

0.3 ohms 

I msec 

250/isec 

1 50/usec 

TRANSIENT PROTECTION 

Continuous power rating 

Discharge capacity 

Leakage current through transient 
suppressor at 28V 

250m W 

30 watt-seconds 

5mA 

COMPUTER BUS 

All signals compatible with Intel SBC 80 
and MDS Systems 

Logic Loading 

Output Coding 

1 LSTTL 

0 Open Contact 

1 Close Contact 

POWER REQUIREMENTS 

Voltage 

Supply Drain max. MP801 

Supply Drain max, MP802 

5VDC, ±5% 

0.3 amp 

0.5 amp 

ISOLATION VOLTAGE 

Between microcomputer bus and outputs 
Between outputs 

600V DC 
300VDC 

OPERATING TEMPERATURE 

0 to +70‘C 




MECHANICAL 

Compatible with SBC 80 and Intellec MDS card 
spacing. 

Minimum card spacing: 12.7mm (0.5"). 

Microcomputer bus connector required: 86 pin PC edge 
connector with 0.156" contact centers (SAE-43D/ 1-2). 
Two 50 pin output edge connectors on board. One is used 
for MP801, both are used for MP802. 

A mating connector is available from Burr-Brown: 
2250MC (Viking # 3VH25/ 1JN5, solder tab). A 
Scotchflex connector is available from 3M: 3415-0001. 

OPERATING ~ 
INSTRUCTIONS 

PROGRAMMING 

Each digital output channel appears as one bit of memory 
to the microcomputer. The channels are selected in 
groups of eight by ADR0 on the MP801 and by ADR1- 
ADR0 on the MP802. The remainder of the address lines 
are used to select the board itself. Because the address 
block occupied by each board is user selectable, it can be 
placed anywhere in memory. Writing a logic 1 to an 
output channel closes the output contact; writing a logic 0 
to an output channel opens the output contact. Once an 
output is defined, it will remain in that state until 
redefined by another write to that byte. For example, to 
open channels 0, 2, 6, and close channels 1, 3, 4, 5, 7 with 
an MP802 as shipped from the factory execute: 

MVI A, BAH 
STA F700H 

where BA (1011 1 0 1 0) is the data written to the board and 
F700 is the address of channels 0-7. Refer to Table II for a 
description of which data and address lines control which 
output channels. 


Data 

Bus 

ADDRESS LINES (Al, AO) | 

00 

01 

10 

11 

D7 

7 

15 

23 

31 

D6 

6 

14 

22 

30 

D5 

5 

13 

21 

29 

D4 

4 

12 

20 

28 

D3 

3 

11 

19 

27 

D2 

2 

10 

18 

26 

Dl 

I 

9 

17 

25 

DO 

0 

8 

16 

24 


TABLE II. Data - Address - Channel Relationship. 
Logic 0 = open. Logic 1 = close. 


The MP801 and MP802 are passive during a read to their 
memory locations. Therefore, other memory or I/O 
devices may be placed at the same address without 
interfering with the microperipheral’s activities. 


TABLE I. Electrical Specifications 
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MICROCOMPUTER DIGITAL INPUT SYSTEM 


A 24-CHANNEL ISOLATED DIGITAL INPUT SYSTEM COMPATIBLE 
WITH INTEL SBC80, NATIONAL BLC80 AND INTELLEC MDS 



FEATURES 

• ISOLATED FROM COMPUTER BUS 

AND CHANNEL TO CHANNEL 

. CONTACT CLOSURE OR VOLTAGE INPUTS 

• REDUCES SYSTEM DEVELOPMENT TIME 

System engineered and specified 
Plug compatible 
Easy to program 

Operates from computer power supply 

• 70°C burn-in 


International Airport Industrial Park • P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP • Telex: 66-6491 
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DESCRIPTION 

The MP810 and MP810-NS are 24 channel, optically 
isolated, digital input microperipheral boards that are 
electrically and mechanically compatible with Intel 
SBC80, National BLC80 and Intellec MDS 
microcomputer systems. Each printed circuit board 
operates from the computer’s power supplies. Digital 
inputs enter through card edge connectors located 
opposite the bus connector. 

The MP810 operates with dry relay contacts. The 
MP810-NS operates with voltage inputs (wet relay 
contacts). The MP810 may be modified by jumper 
selection to operate with voltage or contact closure 
inputs, or a mixture of both. Inputs are arranged in 
groups of eight. Each group is isolated from other groups 
and from the computer bus up to 600VDC. Isolation 
between inputs is 300VDC (MP810-NS). Isolation 
protects the computer from voltage transients and 
malfunctions. In addition, since each input is isolated, the 
voltage switched by each line is not critical and ground 
loops are avoided. 

MP810’s are programmed as memory locations. Each 
input is one memory bit, therefore any memory read 
instruction may be executed. When the board is read, 
logic 0 represents an open contact (low voltage); logic 1 , a 
closed contact (high voltage). Each read command inputs 
the status of eight channels. Address bits ADRO and 
ADR I select that set of inputs to be read. The remainder 
of the address lines are used to select the board itself. The 
address block occupied by each board is selectable and 
can be located anywhere in memory. 


INSTALLATION 

These units are shipped from the factory ready for 
immediate use. Installation requires only plugging the 
card into any empty slot in the computer and wiring the 
input connector. 


SPECIFICATIONS 

Typical at +25"C and rated supplies unless otherwise noted. 


ELECTRICAL 

INPUT CHARACTERISTICS 


Number of Channels 

24 

Input Impedance 

15kf! 

Input Delay Times 


Open to closed 

25ms, max 

Closed to open 

100ms, max 

VOLTAGE SENSE 


MP8I0-NS 


Minimum voltage to detect a logic 1 

17V 

Maximum voltage to detect a logic 0 

4V 

CONTACT CLOSURE SENSE 


MP8I0 (on board ±12V supply) 

6kfL max 

MP810-NS 


at 24V across contacts 

6kfl, max 

at 48V across contacts 

30kll, max 

at 60V across contacts 

58kf l, max 

Ropen 


MP8I0 (on board +I2V supply) 

80k fl, min 

MP8I0-NS 


at 24V across contacts 

80kH, min 

at 48V across contacts 

175kO, min 

at 60V across contacts 

235kfl, min 

Maximum voltage (V s ) across input 


without damage 


MP810 

120 VAC, rms, max 


60V DC, max 

MP810-NS 

168V AC. rms, max 


84V DC, max 

ISOLATION VOLTAGIf 


Between microcomputer bus and inputs 

600VDC 

Between inputs (MP810-NS only) 

■300V DC 

Between groups of 8 inputs (MP8I0, MP81 

0-NS) 600V DC 

POWER REQUIREMENTS 


MP810 

t +5VDC ±5 c /( at 400mA 


1 + I2VDC ±5 <7 f at 100mA 

MP810-NS 

+5VDC ±59f at 400mA 

COMPUTER BUS 


All signals compatible with 


Micrcomputer bus 


Logic loading 

1 LSTTL Load 

Input coding 

Logic 0: open contact 


Logic 1 : close contact 

TEMPERATURE RANGE 


Operating 

0 to +70"C 


TABLE I. Electrical Specifications 


MECHANICAL 

Compatible with SBC80, BLC80 and Intellec MDS 
spacing. 

Minimum card spacing: 12.7mm (0.5"). 

Microcomputer bus connector required: 86 pin PC edge 
connector with 0.156" contact centers (SAE-43D/ 1-2). 
Two 50 pin input connectors on each board. 

A mating connector is available from Burr-Brown: 
2250MC (Viking # 3VH25/ 1JN5, solder tab). A 
Scotchflex connector is available from 3M: 3415-0001. 


DEFINITION OF SPECIFICATIONS 

INPUT DELAY TIME 

OPEN TO CLOSED - The delay required to detect an input contact closure 
switching from open to closed. < 

CLOSED TO OPEN - The delay required to detect an input contact closure 
switching from closed to open. 

CONTACT CLOSURE IMPEDANCES 

Rclosed - The impedance of an input contact when closed. Rclosed 
specification is the maximum impedance allowed to reliably detect a closure 
See Figure I. 

Ropen - The impedance of an input contact closure when open. Ropen specification 
is the lowest impedance allowed to reliably detect an open contact. 
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MICROCOMPUTER ANALOG OUTPUT SYSTEM 


A 4-CHANNEL ANALOG OUTPUT SYSTEM COMPATIBLE WITH 
DIGITAL EQUIPMENT CORP. LSI-11, LSI-11/2, LSI-11/23, PDP-11/03, AND 
PDP-11/23 MICROCOMPUTERS 


DESCRIPTION 

The MP 1104 analog output peripheral is electrically with address decoding and control logic. It also 
and mechanically compatible with and interfaces includes a DC/ DC converter for operation from the 
directly to DEC’s Q bus. computer’s 5VDC supply. The MP1 104 is burned-in 

The MP1 104 consists of four 12-bit D/ A converters before shipment. 



MP1104 BLOCK DIAGRAM 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 • Tel. (602) 746-1 111- Twx: 910-952-11 1 1 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Typical at 25°C and rated power supplies unless otherwise noted. 


1 ANALOG OUTPUT 

MP1104 

| OUTPUT CHARACTERISTICS | 

Number of Channels 

Output Voltage Ranges 
(Jumper Selectable)! 1 ) 

Output Impedance 

Short Circuit Protection 

4 

±10V, 0 to 10V, ±5V, 0 to 5V, 
±2.5V at 5mA 

o.oi n 

Yes 

| TRANSFER CHARACTERISTICS 1 

Resolution 

Output Settling Time, max(2) 

12 bits 
lO^sec 

| ACCURACY | 

Output Accuracy, max(3) 

Temperature Coefficient of 

Accuracy Drifts) 

±0.025% FSR(4) 

±30ppm of FSR/°C 

| POWER REQUIREMENTS 1 

MP1104 

+5V ±5% at 1.25A 

| ENVIRONMENTAL f 

Operating Temperature 

0°C to ±70°C 

Relative Humidity 

95% of noncondensing 


NOTES: 

1. Factory set for ±10V range. 

2. Settling to ±0.01% of FSR for a full scale change. 

3. Includes linearity errors with gain and offset errors adjusted to zero. 

4. FSR means Full Scale Range. 

5. Includes offset drift, gain drift and linearity drift. 


MECHANICAL 


.Compatible with DEC LSI-11, LSI-1 1/2, LSI-1 1/23, 
PDP-11/03, and PDP-11/23 card spacing. 

Minimum card spacing: 12.7mm (0.5"). 

Analog Output Connector: one 20-pin PC edge 
connector on top edge of board. 

Analog Output Mating Connector: 

Mating connector available from Burr-Brown: 

2220 MC (Viking #3VH 10/ 1 JN5, solder tab) 

A flat cable connector is available from Berg: 
65764-001 


OPERATING INSTRUCTIONS 

INSTALLATION 

M PI 104 is shipped from the factory calibrated and ready 
to use. Installation consists of plugging the card into any 
empty slot in the computer and wiring the analog 
connector. 


PROGRAMMING 

The MP1 104 is programmed as memory locations and 
any memory write instruction can be used. The D/A 
converter input occupies the 12 least significant bits of a 
word. The address block occupied by the MP1 104 is user- 
selectable and can be placed anywhere in the upper 4k of 
memory. 

M P 1 104’s are jumpered at the factory with a base address 
of 1 70440 (channel 0). Channel one is at location 1 70442, 
channel two is at location 1 70444, and channel three is at 
location 170446 (see Table I). 


TABLE I. D/A Converter Data Assignments. 


| WRITE DATA [ 

D15 D14 DI3 D12 Dll D10 

D9 D8 D7 D6 D5 D4 D3 

D2 

Dl 

DO 

X X X X Bll BIO 

B9 B8 B7 B6 B5 B4 B3 

B2 

B1 

B0 

| MEMORY MAP | 

Channel 0 

Base Address 




Channel 1 

Base Address ±2 




Channel 2 

Base Address ±4 




Channel 3 

Base Address ±6 





ADDRESS MODIFICATION 

The base address of a board can be set to any 4-word 
boundry by properly jumpering (with push-on sockets) 
its address selector. The base address set at the factory is 
170440. To change the sense of a bit simply remove the 
present jumper and insert the jumper for that bit (see 
Tables II and III). 


TABLE II. Base Address Jumpers. 


ADDRESS 

LINES 

AI2 

All 

AI0 

A9 

A8 

A7 

A6 

A5 

A4 

A3 


FACTORY 

SET 

VALUE 


JUMPER 

MATRIX FACTORY SET 
LAYOUT VALUES 

0 1 0 1 



between these two between these two 


0 pins for logic 0. pins for logic 1. 


ANALOG OUTPUT RANGE SELECTION 

Each D/ A converter is wire wrap jumpered at the factory 
for ±10V operation with two’s complement coding. It is 
possible, however, to alter jumpers on the board for other 
output voltages and coding. When making a change, just 
remove those jumpers indicated for the present range and 
replace them with the jumpers required for the desired 
range. 
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MP1216 

MP1216-PGA 


MICROCOMPUTER ANALOG INPUT SYSTEMS 


A 32-CHANNEL ANALOG INPUT SYSTEM COMPATIBLE WITH 
DIGITAL EQUIPMENT CORPORATION LSI-11, LSI-11/2, LSI-11/23, 
PDP-11/03 AND PDP-11/23 MICROCOMPUTERS 



FEATURES: 

• HIGH AND LOW LEVEL INPUTS 

•SOFTWARE PROGRAMMABLE GAIN 
[1 to I024| AMPLIFIER OPTION 

• EASILY PROGRAMMED 
•BURN-IN 


DESCRIPTION 



The M P 1 2 1 6 analog input peripherals are electrically 
and mechanically compatible with and interface 
directly to DEC'S LSI-1 1/2 family. The boards use 
one dual-wide card slot. 

The MP1216 includes: over-voltage protection to 
26VDC; an analog multiplexer; resistor 
programmed instrumentation amplifier (M PI 2 16), 
or a software programmable amplifier with gains of 1 
to 1024 (MP1216-PGA); sample/ hold amplifier and; 
a 12-bit A/D converter. 


These units are 16-channel differential (user 
strapable as 32-channel single-ended) analog input 
systems. 

Gains of 1 to 1024 are software selectable for the 
programmable amplifier version (MP1216-PGA), 
and the gain for each channel is stored in an on-board 
RAM. The proper gain for each channel is then 
selected automatically by the MP1216-PGA. 

The MP1216-PGA is particularly recommended for 
low-level inputs. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Typical at 25°C and rated power supplies unless otherwise noted. 


| ANALOG INPUT SECTION j 

MP1216/MP1216-PGA | 

| INPUT CHARACTERISTICS | 

Number of Channels 

32 single-ended or 


16 differential 

ADC Gain Ranges (jumper selectable)! 1 ) 

±10V, 0-10V 

Amplifier Gain Ranges 


Resistor Programmable^) (MP1216) 

1 to 1000 

Software Programmable (MP1216-PGA) 

1 to 1024 

Maximum Input Voltage without Damaged) 

±26V • 

Input Impedance 

lOOMfl, lOpF OFF Channel 


100MU, lOOpF ON Channel 

Bias Current 


Resistor Programmable 

±20nA 

Software Programmable 

±15nA 

Amplifier Input Offset Voltage 


Resistor Programmable 

±400 /iV 

Software Programmable 

±40 m V 

Amplifier Input Offset Voltage Drift 


Resistor Programmable 

±2mV/°C 

Software Programmable 

±0.5mV/°C 

| TRANSFER CHARACTERISTICS I 

Resolution 

12 Bits 

Conversion Time, max G = 1 


Resistor Programmable!*) 

40/usec 

Software Programmable 

375mS6C 

Conversion Time, max G = 1024 


Resistor Programmable 

100/iSec 

Software Programmable 

375msoc 

I ACCURACY i 

System Accuracy at +25°C, max(5) G = i 

±0.025% FSR(6) 

System Accuracy at +25°C, max G = 1024 


Resistor Programmable 

±0.1% FSR 

Software Programmable 

±0.05% FSR 

System Output Noise G = 1 , rms 


Resistor Programmable 

ImV 

Software Programmable 

ImV 

System Output Noise G = 1024, rms 


Resistor Programmable 

15mV 

Software Programmable 

2mV 

Linearity 

±1/2LSB 

Differential Linearity 

±1/2LSB 

Quantizing Error 

±1/2LSB 

Gain Error 

Adjustable to zero!?) 

Offset Error 

Adjustable to zero 

Monotonicity(8) 

Guaranteed 0°C to +70°C 

1 STABILITY OVER TEMPERATURE (BioolanO) i 

System Accuracy Drift, max G = 1 

±45ppm of FSR/°C 

System Accuracy Drift, max G = 1024 


Resistor Programmable 

±200ppm of FSR/°C 

Software Programmable 

±100ppm of FSR/°C 

1 DYNAMIC ACCURACY 1 

Sample/Hold Aperture Time 

125nsec 

Aperture Time Uncertainty 

±5nsec 

Differential Amplifier CMRR G = 1 

74dB (DC to 1kHz) 

Channel Crosstalk 

80dB down at 1kHz, for 


OFF Channel 


to ON Channel 

i POWER REQUIREMENTS I 

| MP1216/MP1216-PGA | 

+5V ±5% at 1.0 A | 

1 ENVIRONMENTAL 1 

Operating Temperature 

0°C to ±70° C 

Relative Humidity 

95% noncondensing 


NOTES: 

1. Factory set for ±10V range. 

2. Factory set for Gain = 1. 

3. With power off (±36 volts with power on). 

4. With delay inhibited, 22/isec. 

5. Includes linearity errors with gain and offset errors adjusted to zero. 

6. FSR means Full Scale Range. 

7. When any one gain range is adjusted to zero gain error, the gain 
error for any other range is less than ±0.02% when using the software 
programmable amplifier. 

8. No missing codes guaranteed. 

9. Includes offset drift, gain drift, and linearity drift. 


MECHANICAL 


Compatible with LSI-1 1, LSI-11/2, LSI-11/23, 
PDP-11/03 and P DP- 1 1 / 23 card spacing. 

Minimum card spacing: 12.7mm (0.5"). 

Analog Input Connector: One 40-pin analog edge 
connector on board for analog inputs. 

Analog Input Mating Connector: 

Mating connector available from Burr-Brown: 
2240 MC (Viking #3VH20/ 1 JN5 solder tab); a flat 
cable connector is available from Berg: 65764-007. 


OPERATING INSTRUCTIONS 

INSTALLATION 

M P 1 2 1 6 is shipped from the factory calibrated and ready 
to use. Installation consists of plugging the card into any 
empty slot in the computer and wiring the analog 
connector. See Figure 1 for the block diagram. 

PROGRAMMING 

This peripheral is programmed as memory locations; any 
memory reference instruction can be used. Two 16-bit 
memory locations are used. One for the Read/ Write data 
register; the other for the Control Status register (see 
Figure 2). The addresses occupied by each M PI 2 16 are 
user selectable and can be placed anywhere in the upper 
4K of memory. 

On MP1216-PGA's (with software programmable gain 
amplifiers) an on-board random access memory (RAM) 
is used to store the gain for each channel. 

When the Gain Control bit (D8) of the Write Data 
Register is a logic 1 , the data contained in bits D9-D 1 2 of 
the same register are written to the on-board RAM to 
control the gain for the channel also written in the same 
word (bits D0-D4). On subsequent operations if the Gain 
Control bit is a logic 0, the programmable gain amplifier 
will use the gain already stored in on-board RAM for that 
channel. 

These boards are factory set with Data Register at 
location 170402 and the Status/ Control Register at 
location 170400. 

A conversion is started by writing the channel number to 
bits D0-D4 of the data register. This write operation 
selects the proper analog multiplexer channel and starts a 
delay one-shot which allows time for the multiplexer, 
instrument amplifier and sample/ hold amplifier to settle 
to the new channel’s value. At the end of the delay time, 
the sample/ hold amplifier is switched to the hold mode 
and the A/ D converter starts its conversion. 

When the conversion is. complete, the board can be 
operated in one of two modes: 
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FIGURE I. Block Diagram. 

Interrupt Mode 

In the Interrupt Mode, when the conversion is complete, 
the MP1216 asserts the bus interrupt request line 
(BIRO). When the LSI-1 1 responds with a bus interrupt 
acknowledgement (BIAKI), the MP1216 asserts the bus 
reply line (BRPY) and gates an interrupt “vector” onto 
the bus. The vector address is selected by jumpers on the 
board. The Interrupt Mode is enabled by writing a logic 1 
to bit D6 of the Control Register. 


Polling Mode 

In the Polling Mode, the CPU must periodically scan bit 
D7 of the STATUS Register to determine if the 
conversion is complete. A logic 1 indicates that 
conversion is complete. A read of the Data Register will 
then produce the data word. The board is in the Polling 
Mode if the Interrupt Mode is disabled by writing a logic 
0 to bit D6 of the Control Register. 
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MICROPERIPHERAL 
ANALOG INPUT/OUTPUT SYSTEM 


A 12-BIT 32 CHANNEL ANALOG INPUT/2 CHANNEL 
ANALOG OUTPUT SYSTEM COMPATIBLE WITH ZILOG 
MICROCOMPUTERS 

FEATURES 

• ANALOG I/O ON THE SAME BOARD 

• OPERATES FROM COMPUTER POWER SUPPLY 

• HIGH LEVEL OR LOW LEVEL INPUTS 

• BURNED-IN 


DESCRIPTION 

Completely compatible with Zilog s Z-80 MCB () and 
Z-80 MCS series of microcomputers, MP2216 
provides a single board 12-bit resolution analog 
input/ output system. The input section accepts 16 
differential or 32 single-ended channels. Inputs 
ranging from millivolts to volts can be digitized 
because of MP22l6’s variable gain instrumentation 
amplifier. 

Two optional channels of analog voltage are 
provided in the output section of the MP2216. The 
input data for each digital-to-analog converter is 
double buffered to minimize output glitches during a 
data update. Several output ranges and bipolar or 
unipolar operation are selected by on-board 
programming. 

The MP2216 is mechanically, electrically and 
logically compatible with the Zilog systems. Power is 
derived from the +5V logic supply. Logic levels and 
drive capacity are matched to the system bus. 
Interfacing is accomplished primarily through a Z-80 
PIO contained within the system. 
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THEORY OF OPERATION 


ELECTRICAL SPECIFICATIONS 


The M P22 1 6 interfaces with the Z-80 1 / O bus occupying 
10 locations for the complete input/output system. The 
first four locations are required for the PIO. The next two 
locations transfer input channel address and board 
status. The remaining locations are used to pass data to 
the two digital-to-analog converters. 

Data can be acquired from the analog inputs in either the 
POLLING or INTERRUPT mode: 

POLLING MODE - A conversion is initiated by writing 
the analog channel address to the address register. The 
program must then periodically test the conversion bit in 
the status register to determine when the conversion is 
completed. During initialization of the MP2216’s PIO, 
the interrupt enable must be reset (both ports) to prevent 
generation of interrupts. 

The following program may be used to input a channel of 
data to the BC register pair: 


Load accumulator with channel address (XX) of data 
to be converted. 

Outputs channel address to MP2216’s address 
register (location YY). This starts conversion. 

Other software if desired for conversion time. 

Input status bit from location ZZ. 

Test status bit. 

Jump to STATUS until conversion is complete. 
Transfers the least significant byte to the 
accumulator. WW is PIO port A DATA register. 

Transfers the most significant byte to the 
accumulator. WW + 1 is PIO port B DATA register. 

INTERRUPT MODE - After setting the board’s PIO 
interrupt enable and vector address, conversion is 
initiated by writing to the address register. Program 
execution may then continue until the conversion is 
complete. At that point the system PIO generates an 
interrupt vector causing the CPU to begin execution of 
the MP2216’s interrupt service routine. Software for this 
mode is the same as that of the polling mode, but without 
the status loop. 

Outputting of data from the MP2216’s two digital-to- 
analog converters is straightforward. Each converter 
occupies two addresses on the I/O bus. The least 
significant 8 bits of the 1 2-bit data word are written to the 
first of these data words while the four most signficant 
bits are written to the second data word. 


l.DA, XX 
OUT (YY), A 


STATUS IN A. (ZZ) 
BIT 0, A 
JP Z, STATUS 
IN A, (WW) 

LD C. A 

IN A, (WW + I) 


Typical at 25°C and rated power supplies unless otherwise noted. 


ANALOG INPUT SECTION 

INPUT CHARACTERISTICS 

Number of Channels 

32 single-ended / 16 differential 

ADC Gain Ranges (Jumper Selectable) 

0-5V, 0- 10V, ±2.5V, ±SV, ±10V 

Amplifier Gain Ranges (resistor programmable) 

1 to 1000 

Maximum Input Voltage Without Damage 

±26 volts 

Input Impedance 

lOOMfl, lOpF OFF Channel 

100MO, lOOpF ON Channel 

Bias Current 

20nA 

Differential Bias Current 

lOnA 

| TRANSFER CHARACTERISTICS 

Resolution 

12 Bits 

Throughput Time (max) G = 1 

45*isec channel 

Throughput time (max) G = 1000 

100/xsec channel 

| ACCURACY 

System Accuracy G = 1 (max) 1 " 

±0.025% FSR 1 ' 1 ' 

System Accuracy G = 1000 

±0.1% FSR 

Linearity 

±12 LSB 

Differential Linearity 

±1/2 LSB 

Quantizing Error 

±1/2 LSB 

Monotonicity'” 

Guaranteed 0‘C to +70 J C 

| STABILITY OVER TEMPERATURE 4 ’ 

System Accuracy Drift (max) G = 1 

±30 ppm of FSR / ’C 

System Accuracy Drift (max) G = 1000 

±80 ppm of FSR/°C 

DYNAMIC ACCURACY 

Sample and Hold Aperture l ime 

30ns 

Aperture Time Uncertainty 

±5ns 

Differential Amplifier CMR 

74dB (DC to IkHz) 

Channel Crosstalk 80dB down at 1kHz, for OFF channel to ON chann< 

ANALOG OUTPUT SECTION 

OUTPUT CHARACTERISTICS 

| Number of Channels | 

2 

Output Voltage Range (strap selectable) ±10V, 0 to 10V, ±5V, 0 to 5V, ±2.5V at 5mA 

1 Output Impedance j 

,n 

| TRANSFER CHARACTERISTICS 

Resolution 

12 Bits 

Output Settling Time (max) 

lO^sec 

ACCURACY 

Output Accuracy 

±0.0125% FSR 

Temperature Coefficient of Accuracy 

±30 ppm of FSR °C 

[ POWER REQUIREMENTS 

| MP2216, MP22I6-AO 

+5V ±5% at 1.6 amp 

| ENVIRONMENTAL 

Operating Temperature 

0°C to +70"C 

Relative Humidity 

95% noncondensing 


TABLE I. Electrical Specifications 


NOTES: 

1. Includes offset errors, gain errors, linearity errors. 

2. FSR means Full Scale Range. 

3. No missing codes guaranteed. 

4. Includes offset drift, gam drift and linearity drift. 

SYSTEM CONFIGURATIONS 

The MP22I6 microperipheral board is available in two versions. 
MP2216-AO: All features of the MP2216 system are included in this 
configuration. 

MP2216: Provides all features except the two digital-to-analog converters. 
MP8004: Cable assembly - two required. 
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MP7104 

MP7208 

MP7216 


MICROCOMPUTER ANALOG I/O SYSTEMS 


MP7104 - Analog Output System 
MP7208 - Data Acquisition System 
IVIP7216 - Data Acquisition System 


FEATURES 

' COMPATIBLE WITH MOTOROLA 
MICROMODULE AND EXORciser® 

• REDUCES SYSTEM DEVELOPMENT TIME 
System engineered and specified 
Plug compatible 

Operates from +5V0C power supply 
► EASY TO USE 

All cabling and connectors are included 



International Airport Industrial Park - P.O. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRCORP • Telex: 66-6491 
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contains the 546 DC/ DC converter to assure operation 
on +5VDC power. The input of the D/ A converters are 
double buffered so that a complete 12 bit word can be 
strobed into a D/ A converter’s input register to minimize 
output glitches. 


DESCRIPTION 

These microcomputer peripherals provide, two much 
needed functions that interface directly to Motorola’s 
Micromodule and EXO Reiser microcomputers. The 
functions are: 1) Analog Data Acquisition and 2) Analog 
Output. The devices are electrically arid mechanically 
compatible with Motorola microcomputers. Each 
analog system is contained on a single printed circuit 
board that is treated as memory input and output by the 
CPU. The cards will mate to any memory or I/O slot. The 
analog interface for each system is at a flat cable 
connector at the opposite edge of the board from the bus 
connector. 

The Data Acquisition Systems consist of the MP7208, an 
8 channel differential input system; and the MP7216, a 16 
channel single-ended input system. Burr-Brown’s 
SDM853 modular data acquisition system is used to 
implement these systems. The data acquisition systems 
include an input multiplexer, high gain instrumentation 
amplifier, sample/ hold and 12 bit A/D converter along 
with all the necessary timing, decoding and control logic. 
The model 546 DC/ DC converter (+5V to ±15V) is also 
used so that only the microcomputer’s +5VDC power 
supply is required. 

The MP7104, an analog output system, provides four 
analog output channels (using four of Burr-Brown’s 
hybrid 12 bit DAC80 D/ A converters). This board also 


THEORY OF OPERATION 

When programming with these peripherals, they are 
treated as memory locations. Both the A/D converter 
output and the D/ A converter input are 12 bit words so 
two 8 bit memory locations are needed for each channel. 
But, because the address block occupied by each 
peripheral is switch selectable, it can be placed anywhere 
in memory. Since these units are treated as memory, a 
single instruction is all that’s needed to set the input of a 
D/ A converter. For instance, the STX (write) instruction 
followed by the proper address is used to write data from 
the index register to the MP7104. The four most 
significant bits are written first followed by the eight least 
significant bits. Through double buffering in the M P7 1 04 
only one 12 bit data transfer is made to the DAC to 
minimize glitching. 

All of these systems are jumpered at the factory with the 
first channel at address EF00i 6 (that’s 1110 1111 0000 
0000 in binary). Each subsequent channel is two memory 
locations past the start of the last channel so that the 
second channel is at location EF02 i 6 (1110 1111 0000 
0010). 
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ANALOG INPUT SYSTEM - MP7208/7216 


“ ^URT- 

s 1)2 


SDM853 DATA ACQUISITION MODULE 



CONTROL AND 
TIMING LOGIC 


ANALOG 

MULTIPLEXER 


INSTRUMEN- 

TATION 

AMPLIFIER 


SAMPLE/ 

HOLD 


DC/DC 

CONVERTER 

M00EL546 


12 BIT 

A/D CONVERTER 


-15VDC—+15VDC 


ANALOG OUTPUT SYSTEM - MP7104 



ANALOG 

INPUTS 



















SPECIFICATIONS 

All specifications typical at 25"C unless otherwise noted. 


| ANALOG INPUT | 

Number of analog inputs 

8 channel differential 

16 channel tingle-ended 

Input voltage range 1 " 

Input current loop ranges 
(resistor programmable) 

ADC gain ranges 
(strap selectable) 

Amplifier gain range 
(resistor programmable) 

Amplifier gain equation 
(resistor programmable) 

Input overvoltage protection 

Input impedance 

Bias current 

25”C 

0 to 70"C 

Amplifier output noise 
(Gain = 100 Rs = 5000) 

Amplifier input offset voltage (max)' 41 

Amplifier input offset voltage drift (max) 

MP7208 

MP72I6 
±10mV to ±!0V 

4-20mA, IO-50mA 

±I0V, 0 to 10V, 0 to 5V 
±5. ±2.5V 

1 to 1000 V/V 

G = 1 + 20kil R.x. 

±I5V 

100 megohms 

20nA 

50nA 

l.2mV, rms; 7mV, p-p 

400 m V 

c 

| TRANSFER CHARACTERISTICS | 

Resolution 

Throughput accuracy, ±I0V range (max) 
±10mV range 

Temperature coefficient of accuracy 
±10V range (max) 

±IOmV range 

Conversion time ±10V range 
±IOmV range 

CMRR (for differential inputs) 

Sample hold aperture time 

12 bits binary 
±0.025% FSR'"' 

±0.1% FSR 

±0.003% FSR C 
±0.01% FSR C 

33 microseconds 

100 microseconds 

74 dB (DC to 2000 H/) 

30ns 

DIGITAL INPUT/ OUTPUT 

All signals are Compatible with Micro- 
computer bus 

Output coding 

An analog input channel is selected by: 
The output data bits are read into: (M 

Bipolar, Two’s Complement; 

unipolar, straight binary 

A1 through A4^ 

DO through D7 

POWER REQUIREMENTS 

MP7208, MP72I6 

MP7217-NS, MP7209-NS 

±5VDC ±5% at 1 amp, 25m V ripple 
/ +5VDC ±5% at +500mA, 25mV ripple 
< +15VDC±3% at +50mA. 5mV ripple 
( -I5VDC ±3% at -75mA, 5m V ripple 

TEMPERATURE RANGE 

Temperature 

0 to 70"C 

| ANALOG OUTPUT | 

Number of analog outputs: 4 

Output voltage range 1 " 

Output impedance 

Output settling time 

MP7I04 

±10V. 0 to 10V, ±5V, 0 to 5V, ±2.5V 
at 5mA (strap selectable) 

ID 

< 10 microseconds 

| TRANSFER CHARACTERISTICS 1 

Resolution 

Throughput accuracy (max) 

Temperature coefficient of accuracy 
Unipolar 

Bipolar 

12 bits binary 
±0.0125%. FSR 

±0.003% FSR/ 'C 
±0.0045% FSR/"C 

DIGITAL INPUT/OUTPUT 

All signals are compatible with Micro- 
computer bus 

An analog output channel is selected by: 
The input data bits are read by: 

A| and A2 

DO through D7 

POWER REQUIREMENTS 

MP7104 

MP7105-NS 

+5VDC ±5% at +1 amp, 25m V ripple 
/ +5VDC ±5% at ±500 mA ±5mV ripple 

2 ±I5VDC±3% at ±IOOmA, 5mV ripple 
( -15VDC ±3% at -100mA, 5mV ripple 

TEMPERATURE RANGE 

Temperature 

0 to 70°C 


OPERATING 

INSTRUCTIONS 

INSTALLATION 

The MP7104, MP7208 and the MP7216 are shipped from 
the factory calibrated and ready for immediate use. 
Installation requires only plugging the card into any 
empty slot in the EXORciser or with a Micromodule and 
routing the board’s mating I/O cable to the back panel. 
The cable supplied witn each board is shielded and, in 
the case of the MP7I04, provided with the proper 
terminations. 

PROGRAMMING 

Programming of these analog I/O boards is easily 
accomplished since all are treated as memory locations. 
The MP7104 uses any memory reference instruction that 
can write data from the index and stack point registers or 
the accumulators. In a similar manner a channel in the 
MP7208 or MP7216 can be read by any memory 
reference instruction that can read data into the index and 
stack pointer registers or the accumulators. 

The voltage data for these boards is represented by a 12 
bit two’s complement binary number. Each bit has a value 
of 4.88mV, with the polarity of the voltage indicated by 
the sign of the binary number. Since the index, stack 
pointer and A and B accumulator pair registers are 16 bits 
long and the data word is 12 bits, the MP7208 and 
MP7216 set these unused bits to the same value as the 
most significant bit of the data. This assures the proper 
representation of the data’s sign. 

Each board is set at the factory for a block of addresses 
beginning at EFOO. Any analog data channel requires two 
memory locations since the digital data is 12 bits. The 
most significant 4 bits of data are always located in an 
even location while the remaining 8 bits are located in the 
next higher location. Thus, the first analog channel is 
located at EFOO and EF01 while the second analog 
channel is located at EF02 and EF03. When moving data, 
all boards require that the most significant bits (even 
addresses) be referenced first. In addition, the MP7208 
and MP7216 systems require the most significant data to 
be read followed by a NOP instruction for proper starting 
of the conversion process. This can be illustrated as 


shown below: 



LDAA 

EF00 

Starts conversion of CH0 

NOP 


Allows processor to halt 
during conversion 

LDX 

EFOO 

Reads data as soon as 
conversion is complete 


(1) Connected at the factory for ±I0V range. 

(2) FSR is Full Scale Range ( i.e., 20V for ±10V range, 10V for 0 to +I0V range). 

(3) The 4 MSB’s when conversion is complete, followed by the 8 LSB’s. 

(4) Adjustable to zero. 
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MICROCOMPUTER ANALOG INPUT SYSTEM 


A LOW-COST 12-BIT, 16-CHANNEL ANALOG INPUT SYSTEM COMPATIBLE WITH 
MOTOROLA MICROMODULE AND EXORciser® MICROCOMPUTERS 


ADDRESS BUS 


16 CHANNEL 
ANALOG 
MULTIPLEXER 


ANALOG 

INPUTS 


A5 - 
A15 - 


ADDRESS BUS 


VMA o— 

JS2 o- 

AO o 

R/W O 

RESET O 

IRQ O 6 ~§- 

NMI O- 

halt o-~KTb- 


ADDRESS 

DECODER 

AND 

CONTROL 

LOGIC 


CONTROL 

LOGIC 


DATA BUS 


INSTRUMENTATION 

AMPLIFIER 


12 BIT 

A/D CONVERTER 


TRISTATE 

OUTPUT 


FEATURES 

► 70°C BURN-IN 

► OPERATES FROM COMPUTER’S ±12VDC, 

+5VDC POWER SUPPLY 

* ACCEPTS LOW LEVEL INPUTS 

* EASY TO PROGRAM 


International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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MP7218 







DESCRIPTION 

The MP7218 is an analog input microperipheral board 
designed to be used with Motorola’s Micromodule and 
EXORciser @ microcomputer systems. It is electrically and 
mechanically compatible with these systems. The analog 
system is contained on a single printed circuit board that 
is treated as memory by the CPU, The analog interface is 
at a connector on the opposite edge of the board from the 
bus connector. 

This data acquisition system includes 25V input 
overvoltage protection, an analog multiplexer, high gain 
instrumentation amplifier, and 12 bit A/D converter 
along with all the necessary timing, decoding and control 
logic. The unit operates from the microcomputer’s 
+5VDC and ±12VDC power supplies. The MP7218 is 
capable of interfacing ±10mV to ±5V signal levels. 
When programming with this peripheral, it is treated as 
memory. The A/D converter output is a 12 bit word so 
two 8 bit memory locations are needed for each channel. 
Address bits A15-A5 select the board and A4-A1 select 
the analog input channel to be digitized. To start a 
conversion the board is written to using an ST A or similar 
instruction. After conversion data remains in the output 
latches waiting to be read until another conversion is 
initiated. This unit may be used with or without halting 
the CPU or in the interrupt mode. 

The MP7218 is jumpered at the factory with the first 
channel at address 93E0i6, the second at 93E2 i 6 , etc. By 
changing jumpers, the boards may be placed anywhere in 
memory. 


SPECIFICATIONS 


All specifications typical at 25°C unless otherwise noted. 


ANALOG INPUT 

MP7218 

Number of analog inputs 

8 differental/ 16 single-ended (l) 

Input range 

±10mV to ±5V (2) 

ADC gain ranges 

Oto 5V 

(strap selectable) 

±5V, ±2.5V 

Amplifier gain range 

1 to 1000 

Factory set gain 

1 

Amplifier gain equation 

G = 1 + 20kfi/R K xi 

(resistor programmable) 


Input overvoltage protection 

±25V 

Input impedance, DC 

100 megohms 

Bias current 


25°C 

20nA 

0 to 70°C 

50nA 

Amplifier output noise 

1.2mV, rms; 7mV, p-p 

(Gain = 100 Rs = 500H) 


Amplifier input offset voltage, max 

400 m V 

Amplifier input offset voltage 

(2 + 20iG)piVl"C 

drift, max 


| TRANSFER CHARACTERISTICS | 

Resolution 

12 bits binary 

Throughput accuracy, (±5V range, max) 

±0.025% FSR 1 ” 

±10mV range 

±0.1% FSR 

Temperature coefficient of accuracy range, max 


±5V 

±0.004% FSR/°C 

±10mV range 

±0.01% FSR/’C 

Conversion time ±5V range 

50 microseconds 

±10mV range 

100 microseconds 

CMRR (for differential inputs) 

90dB (DC to 60 Hz) 

DIGITAL INPUT/ OUTPUT 


All signals are compatible with 


Microcomputer bus 


Output coding 

Bipolar, two’s complement 1 ' 

Logic loading (all inputs) 

One LSTTL load 

Data bus output drive 

20 TTL loads 

HALT. IRQ, NM1 output drive 

10 TTL loads 

POWER REQUIREMENTS 


Power supply voltages 

+5VDC at 100mA, 


±I2VDC at 50mA 


-12VDC at 75mA 

Range for rated accuracy 

4.75V to 5.25V and 


±1 1.4V to ±12. 6V 

TEMPERATURE RANGE 


Temperature 

0°C to 70 l ’C 


(1) Connected at the factory as 8 channels differential. 

(2) Connected at the factory for ±5V range. 

(3) FSR is Full Scale Range (i.e., 10V for ±5V range, 5V for 0 to +5V range). 

(4) Straight binary jumper selectable. (W80, W8I) 

MECHANICAL CHARACTERISTICS 

Compatible with EXORciser and Micromodule card 
spacing. 

Minimum card spacing: 12.7mm (0.5") 

Microcomputer bus connector required: 86 pin PC edge 
connector with 0.156" contact centers (SAE-43D/ 1-2). 
Analog connector: 50 pin PC edge connector with 0. 100" 
contact centers. Burr-Brown part number: 2250MC 
(Viking # 3VH25/1JN5 - solder tab). Scotchflex cable 
connector also available from 3M (# 3415-0001). 
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MP7408 

MP7432 


MICROCOMPUTER ANALOG I/O SYSTEM 


A LOW-COST 64-CHANNEL ANALOG INPUT/2 CHANNEL ANALOG OUTPUT 
SYSTEM COMPATIBLE WITH MOTOROLA MICROMODULE AND EXORciser® SYSTEMS 

8 TO 64 ANALOG INPUTS 


ADDRESS 



HALT/IRQ ( 
* 2 ( 


CONTROL AND 
TIMING LOGIC 


DATA 

BUS 

INTERFACE 


ANALOG 

MULTIPLEXER 


1 ! 

J u h 1 

ENABLE ' 

1 J 

i — — i i 

L-J 


'INSTRUMEN- 

TATION 

AMPLIFIER 


8 BIT 

A/D CONVERTER 


READ/WRITE 
CONTROL LOGIC 


DC/DC 

CONVERTER 

(OPTIONAL) 


DAC 1 STROBE 

DAC 2 STROBE 
-+15VDC 
- -15VDC 


A “/A 

T CONVERTER 

C (OPTIONAL) 

H 1 

A D/A 

T CONVERTER 
C (OPTIONAL) „ 
H 2 


FEATURES 

• EASY TO PROGRAM 

Systems are treated as memory 

• REDUCES SYSTEM DEVELOPMENT TIME 

• EASY TO USE 

8 to 64 input channels on one board 
Analog input and output on one board 
High level or low level inputs 

• 70°C BURN-IN 

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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ANALOG 

OUTPUTS 






DESCRIPTION 

This microcomputer peripheral provides two functions 
that interface directly to Motorola’s Micromodule and 
EXORciser microcomputers. The functions are: (1) 
Analog Data Acquisition and (2) Analog Output. Both 
analog input and output systems are contained on a single 
printed circuit board that is treated as memory input or 
output by the CPU. The analog interface is at connectors 
on the opposite edge of the board from the bus connector. 

The Data Acquisition System is available with up to 32 
channels differential (64 channels single-ended) on one 
board. It includes an input multiplexer, high gain 
instrumentation amplifier, 8-bit A/D converter along 
with all the necessary timing, decoding and control logic. 
This system can digitize low level or high level analog 
signals. The gain of the internal instrumentation 
amplifier can be programmed with a single external 
resistor to allow input signal ranges as low as ±2.5mV. 
This means that the MP7400 can be connected to low 
level sensors such as thermocouples and strain gauges 
without external signal amplification. A DC/ DC 
converter (+5V to ±15V) is also available so that only the 
computer’s power supply is required. The Data 
Acquisition System is available with two optional 8-bit 
D/A converters to provide analog output in addition to 
input on the same board. 


THEORY OF OPERATION 

When programming these peripherals, they are treated as 
memory locations. Any memory reference instruction 
can be used. Two memory locations are used by the 
analog input system. One location is used to select the 
channel and start conversion. The same location provides 
status information when read. The other location 
contains the converted data. The analog output system 
also uses two memory locations, one for each channel. 

Because these units are treated as memory, a minimum of 
instructions are needed to read an input channel or to set 
the output of a D/A converter. The MP7400’s versatile 
memory mapped operation allows it to be used with or 
without halting the CPU or in the interrupt mode. 

All of these units are jumpered at the factory for address 
95F0 through 95F3. 


SPECIFICATIONS 

All specifications typical at 25 H C unless otherwise noted. 


[analog input/output system | 

ANALOG input 

Number of analog inputs 


8 differential (16 signal-ended)' M 

MP7408 

32 differential (64 single-ended)' 61 

MP7432 

Input voltage range" 1 

±5mV to ±5V 

ADC gain ranges' 11 

±10V, 0 to 10V 0 to 5V 

(strap selectable) 

±5V, ±2.5V 

Amplifier gain range"’ 

1 to 1000 

(resistor programmable) 

Amplifier gain equation 

G = 100kf2/Rr:xi 

Input overvoltage protection 

±15V 

Input impedance 

Bias current 

100 megohms 

25 'C (max) 

+300nA 

0°C to 70°C 

-2nA;°C 

Amplifier input offset voltage drift 

±^5 + lOOpj M V/°C 

[analog INPUT TRANSFER CHARACTERISTICS 

Resolution 

8 bit binary 

Throughput accuracy ±5V range (max) 

±0.4% FSR' 21 

Throughput accuracy ±10mV range 
Temperature coefficient of accuracy 

±0.5% FSR 

±5V range (max) 

±0.02% FSR/°C 

±IOmV range 

±0.07% FSR/°C 

Conversion time ±5V range (max) 

44 microseconds 

Conversion time ±10mV range (max) 

84 microseocnds 

CMRR (for differential inputs) (,, 

66 dB (Gain = 2) 

86 dB (Gain = 100) 

ANALOG OUTPUT 


Number of analog outputs 

2 

Output voltage range' 4 ’ 

±I0V, 0 to 10V, ±5V, 0 to 5V, ±2.5V 


at 5mA (strap selectable) 

Output impedance 

in 

Output settling time (max) 

< 5 microseconds 

ANALOG OUTPUT TRANSFER CHARACTERISTICS 

Resolution 

8 bit binary 

Throughput accuracy (max) 

Temperature coefficient of accuracy 

±0.4% FSR 

Unipolar 

±0.005% FSR/°C 

Bipolar 

±0.01% FSR "C 

DIGITAL INPUT/ OUTPUT 


All signals are compatible with Motorola 
Microcomputer Bus 

Output coding 

Bipolar, two’s complement; 


Unipolar, straight binary 

An analog input channel is selected by: 

DO through D5 

An analog output channel is selected by: 

A0 

The input/ output data bits are read through: 

DO through D7 

POWER REQUIREMENTS 


MP7408. MP7432 

+5VDC +5% at 1 amp 


+5VDC ±5% at 500mA 

M P7408-NS, MP7432-NS t 

+ I5VDC ±5% at 40mA 

y 

-I5VDC ±5% at 40mA 

With analog output 

MP7408-AO, MP7432-AO 

+5VDC ±5% at 2 amp 

\ 

+5VDC ±5% at 500mA 

MP7408-NS-AO, MP7432-NS-AO \\ 

+ I5VDC ±5%, at 100mA 


-15VDC ±5% at 100mA 

TEMPERATURE RANGE 

0°C to 70 l, C 
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MP7504 


MICROCOMPUTER ANALOG OUTPUT SYSTEM 


A 4-CHANNEL. 8-BIT ISOLATED ANALOG OUTPUT SYSTEM COMPATIBLE WITH 
MOTOROLA MICROMODULE AND EXORciser® MICROCOMPUTERS 


A _ 8-BIT 
T D/A 

C — CONVERTER 

H l — 


4 on A 1° M protection 

OUTPUT W CIBCUim 


CHANNEL I A1 C 
SELECT l AO C 


OPTICAL 

ISOLATORS 


A — 8-BIT 
T D/A 

C — CONVERTER 

H I—— i ■■■ ■■■■in 


PROTECTION 

CIRCUITRY 



DC/DC 

CONVERTER 


FEATURES 

•OUTPUT ISOLATION/OUTPUT PROTECTION •MOTOROLA MICROMODULE AND EXORciser 
_ nrminro nri(r , ftn „ rklT T1 „ r COMPATIBLE 


» REDUCES SYSTEM DEVELOPMENT TIME 
System engineered and specified 
Plug compatible 

Operates from computer power supply 
Easy to program 

•COMPATIBLE WITH ROCKWELL SYSTEM 65 


•4-CHANNEL ANALOG OUTPUT SYSTEM 
»4mA TO 20mA OUTPUT 
•70°C BURN-IN 


International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRCORP • Telex: 66-6491 




10-25 


MP7504 
















DESCRIPTION 

This microcomputer peripheral, burned in at 70°C to 
increase reliability and reduce aging shift, provides four 
optically-isolated 8-bit fused analog outputs that interface 
directly with Motorola’s Micromodule and EXORciser 
microcomputers. The MP7504, electrically and 
mechanically compatible with these MPU’s, is contained 
on a single printed circuit board that operates from the 
computer’s +5 VDC power supply. Analog interface is 
through a card edge (direct) connector located on the 
opposite edge of the board from the bus connector. 

The MP7504 which outputs 4mA to 20mA and (MOV on 
each channel is programmed as memory locations. The 
address block used by each peripheral is selectable and 
can be placed anywhere in memory. A single instruction 
sets the input of a D/A converter. 


ELECTRICAL 


SPECIFICATIONS 

All specifications typical at 2S°C unless otherwise noted. 

MODEL 

MP7504 

ANALOG OUTPUT 


Number of analog outputs 

Output current range 

Maximum load 

Compliance 

Output settling time 

Output voltage range 

Output impedance 

Output settling time 

4 

4mA to 20mA 

4000 

8V 

50*isec 

0-10V at 5mA 

10 

30/xsec 

TRANSFER CHARACTERISTICS 


Resolution 

One LSB (voltage) 

One LSB (current) 

Throughput accuracy, max 

Temperature coefficient of accuracy 
Voltage output 

Current output 

8 bits binary 

39.1 mV 

62.5*1 A 

±0.4% of FSR 

±50ppm of fSR/°C 
±150ppm of FSR/°C 

ISOLATION 


Isolation voltage between 
microcomputer bus and outputs 

600 VDC 

DIGITAL INPUT/ OUTPUT 


All signals compatible with 
microcomputer bus 

Logic loading (all inputs) 

Analog output channels selected by: 

Input data read by: 

One LSTTL load 

A0, A1 

D0-D7 

POWER REQUIREMENTS 


Rated voltage 

Range for rated accuracy 

Supply drain at 5VDC 

+5 VDC 

4.75VDC to 5. 25V DC 
1.2A, typical; I.8A max 

TEMPERATURE RANGE 


Operating 

0°C to 70°C 


MECHANICAL 

Compatible with Micromodule and EXORciser 
card spacing. 

Minimum card spacing: 12,7mm (0.5"). 
Microcomputer bus connector required: 86 pin PC 
edge connector with 0.156" contact centers 
(SAE-43D/ 1-2). 

Analog Connector: 50-pin output P.C.B. edge 
connector. A mating connector is available from 
Burr-Brown: 

2250MC (Viking # 3 VH25/ 1JN5, solder tab). 

A Scotchflex connector (3415-0001) is available 
from 3M. 


OPERATING 

INSTRUCTIONS 

PROGRAMMING 

Because this analog output board is treated as memory, 
programming is simple. The MP7504 uses any memory 
reference instruction that can write data from the CPU. 
Each board is factory set for a block of addresses 
beginning at 94FC. Each analog data channel requires 
one memory location. When a data word is written to the 
MP7504 it is stored in an input latch. The optical isolators 
following the input latch require 15 microseconds to 
transfer new data to the D/A converter latches. Do not 
write to the board during this transmission period. To 
insure proper operation, use one of these modes: 

1) HALT mode (shipped in this mode): 

Jumper W33 is installed. The conversion command 
(write instruction) is followed with a NOP instruction. 
In this mode, the board halts the processor during data 
transfer sequences. For example: 

STAA 94FE Transfers data in accumulator to 
MP7504 for channel 2. 

NOP Allows MP7504 to halt processor for 15 

microseconds during transfer of data to 
channel 2. 

2) COUNT DOWN mode 

Jumper W33 is removed. Software control does not 
permit the program to write to the board for 
15 microseconds. For example: 

STAA 94FE Transfers data in accumulator to 
MP7504 for channel 2. 

• i System software does not allow another 

• i write to the MP7504 for 15 microseconds. 


CHANNEL 

FACTORY SET LOCATION 

0 

94 FC 

1 

94FD 

2 

94 FE 

3 

94FF 


TABLE I. Analog Output Channel Locations. 
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ADDRESS BUS 



MP7608 

MP7608-I 


MICROCOMPUTER ANALOG INPUT SYSTEMS 


A 12-BIT, 8-CHANNEL “INDUSTRIAL” ANALOG INPUT SYSTEM COMPATIBLE 
WITH MOTOROLA MICROMODULE AND EXORciser® MICROCOMPUTERS 



ANALOG 

MULTIPLEXER 


ADDRESS 

DECODER 

AND 

CONTROL 

LOGIC 


INSTRUMENTATION' 

AMPLIFIER 


CONTROL 

LOGIC 


1 CONVERT w 
COMMAND 


tOHzjUTER current INPUTS 


r r^n 

• .1 =T= 

1 | 25012 

CHO 

1 * AAA 1 

| - 


f^Ti 

% c — y 

| | 25012 

CH7 


j(MP7608 On ly) 
SAMPLE/HOLD I 


12-BIT 

A/D CONVERTER 


TRI-STATE 

OUTPUT 




USER 

SUPPLIED 


BRIDGE EXCITATION 
VOLTAGE 


[REFERENCE 
BRIDGE CIRCUITRY 
(MP7608 Only) 


i 


FEATURES 


CURRENT-LOOP INPUTS 

• HIGH OR LOW LEVEL VOLTAGE INPUTS 
INPUTS PROTECTED TO 200VDC 

• CURRENT INPUTS FUSED 


IMMUNE TO NOISE 
Input filter on each channel 
Differential inputs 

> BRIDGE INPUTS 

> 70°C BURN-IN 


International Airport Industrial Park - P.O. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DESCRIPTION 

The MP7608 and MP7608-I are analog input 
microperipheral boards designed to be used with 
Motorola’s Micromodule and EXORciser 
microcomputer systems. They are electrically and 
mechanically compatible with Motorola 
microcomputers. Each analog system is contained on a 
single printed circuit board that is treated as memory by 
the CPU. The analog interface for each system is at a 
connector at the opposite edge of the board from the bus 
connector. 

These data acquisition systems include 200V input 
overvoltage protection, an input filter, analog 
multiplexer, high gain instrumentation amplifier, 
sample/ hold and 12 bit A/D converter along with all the 
necessary timing, decoding and control logic. They 
operate from the microcomputer’s +5VDC and ±12VDC 
power supplies. 

The MP7608 is a voltage input system capable of 
interfacing ±10mV to ±5V signal levels. Excitation and 
bridge circuitry is also included on this board for interface 
to sensors such as RTD’s and strain gages. The 
MP7608-I is a current input system designed to interface 
to 4-20mA current loop signals. The MP7608-I also 
includes input fuses to protect the 250H precision input 
current resistors. 

THEORY OF OPERATION 

When programming with these peripherals, they are 
treated as memory locations. The A/D converter output 
is a 12 bit word so two 8 bit memory locations are needed 
for each channel. Address bits A15-A5 select the board 
and A4-A 1 select the analog input channel to be digitized. 
To start a conversion the board is written to using an ST A 
or similar instruction. The data remains in the output 
latches waiting to be read until another conversion is 
initiated. These peripherals may be used with or without 
halting the CPU or in the interrupt mode. 

The MP7608/ MP7608-I are jumpered at the factory with 
the first channel at address 93E0i6, the second at 93E2i6, 
etc. By changing jumpers, the boards may be placed 
anywhere in memory. 


SPECIFICATIONS 

All specifications typical at 25°C unless otherwise noted. 


ELECTRICAL 

ANALOG INPUT 

MP7608-I 

MP7608 

Number of analog inputs 

8 differential"’ 

8 differential"’ 

Input range 

0-20mA 12 ’ 

±I0mV to ±5V m 

ADC gain ranges 

±10V,0 to I0V,0 to 5V 

±10V, 0 to 10V, 0 to 5V, 

(strap selectable) 

±5V, ±2.5 V 

±5V, ±2.5V ' 

Amplifier gain range 

1 to 500 

1 to 500 

Factory set gain 

1 

1 ,M 

Amplifier gain equation 

G = 1 + 20kn/R,x, 

G = 1 + 20M1/RBXT 

(resistor programmable) 



Input overvoltage protection 

±200V 

±200V 

Input filter 

One pole RC. 10Hz 

One pole RC, 10Hz 

Input impedance, DC 

25012 

100 megohms 

Bias current 



25°C 

20nA 

7nA 

0 to 70 H C 

50nA 

lOnA 

Amplifier output noise 

l.2mV rms; 7mV p-p 

0.5mV rms; 3mV p-p 

(Gain = 100 R s = 500H) 



Amplifier input offset voltage, max 

400^ V 

200/x V 

Amplifier input offset voltage 

2 + 20/ G mV/"C 

1 + 20 /G mV/°C 

drift, max 



TRANSFER CHARACTERISTICS 

Resolution 

12 bits binary 

12 bits binary 

Throughput accuracy. 



±5V or 0-20mA range, max 

±0.025% FSR' 4 ’ 

±0.025% FSR' 4 ’ 

±10mV range 

±0.1% FSR 

±0.1% FSR 

Temperature coefficient of accuracy 



±5V or 0-20mA range, max 

±0.004% FSR/°C 

±0.004% FSR/"C 

±10mV range 

±0.01% FSR/ ’C 

±0.01% FSR/°C 

Conversion time ±5 V or 0-20mA range 

60 microseconds 

175 microseconds 

±I0mV range 

125 microseconds 

525 microseconds 

CMRR (for differential inputs) 

90dB (DC to 60Hz) 

90dB (DC to 60Hz) 

DIGITAL INPUT/ OUTPUT 



All signals are compatible with 



Microcomputer bus 



Output coding 

unipolar. 

bipolar, 16 ’ 


straight binary 

two’s complement 

Logic loading (all inputs) 

one LSTTL load 

one LSTTL load 

Data bus output drive 

20 TTL loads 

20 TTL loads 

HALT, IRQ, NMI output drive 

10 TTL loads 

10 TTL loads 

POWER REQUIREMENTS 



Power supply voltages 

+5VDC at 100mA, 

+5VDC at 100mA, 


+ 12VDC at 50mA, 

+ 12VDC at 50mA, 


-12VDC at 75mA 

-I2VDC at 75mA 

Range for rated accuracy 

4.75V to 5;25V and 

4.75V to 5.25V and 


±1 1.4V to ± 12.6V 

±1 1.4V to ± 12.6V 

TEMPERATURE RANGE 



Temperature 

0 to 70°C 

0 to 70°C 


(1) May be connected as 16 channels single-ended without input filtering. 

(2) May be set up to accept voltage signals. 

(3) Connected at the factory for ±5V range. 

(4) FSR is Full Scale Range (i.e., 10V for ±5V range, 5V for 0 to +5V range). 

(5) Gains of 5 and 100 can be attained by adding jumpers. 

(6) Unipolar straight binary is jumper selectable (W80, W81). 
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MP8304 

MP8408 

MP8416 


MICROCOMPUTER ANALOG I/O SYSTEMS 


INTEL - SBC80 and Intellec MDS Compatible 
NATIONAL BLC80 Compatible 
MP8304 - Analog Output System 
MP8408 - Data Acquisition System 
MP8416 - Data Acquisition System 


FEATURES 

EASY TO PROGRAM 
Systems are treated as memory 

REDUCES SYSTEM DEVELOPMENT TIME 
System engineered and specified 
Operates from computer’s +5VDC 
power supply if desired 

EASY TO USE 

All cabling and connectors are included 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DESCRIPTION 

These microcomputer peripherals provide two much 
needed functions that interface directly to Intel’s 
SBC80/10 and Intellec MDS microcomputers. The 
functions are: 1) Analog Data Acquisition and 2) Analog 
Output. The devices are electrically and mechanically 
compatible with any SBC80/ 10 and Intellec MDS. Each 
analog system is contained on a single printed circuit 
board that is treated as memory input or output by the 
CPU. The cards will mate to any memory or I/O slot. 
They are compatible with the 0.6" spacing of the 
SBC80/ i0 or the 0.75" spacing of the Intellec MDS. The 
analog interface for each system is at a flat cable 
connector at the opposite edge of the board from the bus 
connector. 

The Data Acquisition systems consist of the MP8408, 
an 8 channel differential input system; and the M P84 1 6, a 
16 ' channel single-ended input system. Burr-Brown’s 
SDM853 modular data acquisition system is used to 
implement these systems. The data acquisition systems 
include an input multiplexer, high gain instrumentation 
amplifier, sample/ hold and 12 bit A/D converter along 
with all the necessary timing, decoding and control logic. 
The model 546 DC/ DC converter (+5V to ±15V) is also 
used so that only the computer’s +5VDC power supply is 
required. 

The MP8304, an analog output system, provides four 
analog output channels (using four of Burr-Brown’s 
hybrid 12 bit DAC80 D/A converters). This board also 
contains the 546 DC/ DC converter to assure operation 
on +5VDC power. The input of the D/A converters are 


double, buffered so that a complete 12 bit word can be 
strobed into a D/ A converter’s input register to minimize 
output glitches. All of these systems are also offered in an 
OEM version without the DC/ DC converter and cable. 

THEORY OF OPERATION 

When programming with these peripherals, they are 
treated as memory locations. Both the A/D converter 
output and the D/A converter input are 12 bit words so 
two 8 bit memory locations are needed for each channel. 
But because the address block occupied by each 
peripheral is user selectable, it can be placed anywhere in 
memory. Existing memory can be overlapped since the 
peripherals inhibit all other memory that occupies the 
same memory locations. 

Because these units are treated as memory, a single 
instruction is all that’s needed to read an input channel or 
to set the input of a D/A converter. For instance, the 
LHLD (load) instruction followed by the proper address 
is used to read data from the MP8408 or MP8416. It will 
automatically select the desired channel, initiate 
conversion and when conversion is complete, transfer the 
A/D converter output for that channel to the 8080’s H 
and L registers. The eight least significant bits are read 
first followed by the four most significant bits. 

All of these systems are jumpered at the factory with the 
first channel at address F720i6. Each subsequent channel 
is two memory locations past the start of the last channel 
so that the second channel is at location F722i6. 




ANALOG INPUT SYSTEM - MP8408/8416 



-15VDC—+15VDC 


ANALOG OUTPUT SYSTEM - MP8304 


+5VDC 


GRD 


ADRF/- 


ADR3/ 



ADR2/— ► 
ADR1/— ► 
ADR0/~ > 
MWTC/ — ► 
XACK/ 


DAT7/ 


< 

i- 

< 


DAT4/- 

DAT3/- 

j 

DAT0/ 




a 


lira! 

DC/DC 

CONVERTER 
MODEL 546 


ADDRESS 

DECODER 


1 OF 4 
DECODER 
AND WRITE 
CONTROL 
LOGIC 


-► +15VDC 
-► -15VDC 


1 


DAC 1 STROBE 
DAC 2 STROBE 
DAC 3 STROBE 
DAC 4 STROBE 


STROBE 



8 BIT LATCH 



8 LSB'S 


4 MSB'S 




L 

A 

T 

C 

H 

iBBl 

D/A 

CONVERTER 
DAC80 2 

□ 

1 

i n 

D/A 

CONVERTER 
DAC80 3 


L 

A 

T 

C 

H 

Ml 

D/A 

CONVERTER 
DAC80 4 
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SPECIFICATIONS 

All specifications typical at 25°C unless otherwise noted. 


ANALOG INPUT SYSTEMS 

MP8408/MP8416 

ANALOG INPUT 

Number of analog inputs 

8 differential 

16 single-ended 

Input voltage range 1 " 

Input current loop ranges 
(resistor programmable) 

ADC gain ranges 
(strap selectable) 

Amplifier gain range 
(resistor programmable) 

Amplifier gain equation 

Input overvoltage protection 

Input impedance 

Bias current 

25"C 

0"C to 70 l ’C 

Amplifier output noise 
(Gain = 100 Rs = 50011) 

Amplifier input offset voltage (max) 

Amplifier input offset voltage drift 

M P8408 

MP8416 
±I0mV to ±10V 

4- 20mA IO-50mA, etc. 

±I0V, Oto 10V. Oto 5V 
±5V, ±2.5V 

1 to 1000 V V 

G = 1 + 20 ktt Rixi 
( resistor programmable) 

±I5V 

100 megohms 

20nA 

50nA 

l.2mV. rms; 7mV, p-p 

400/uV 

2 M V C 

TRANSFER CHARACTERISTICS 


Resolution 

12 bits binary 

Throughput accuracy ±10V range (max) 

±0.0259; FSR 1 "' 

±10mV range 

±0.1 <>'( FSR 

Temperature coefficient of accuracy 

±10V range (max) 

±0.003% FSR. ’C 

±!0mV range 

±0.01% FSR C 

Conversion time ±I0V range 

33 microseconds 

±I0mV range 

100 microseconds 

CMRR (for differential inputs) 

74 dB (DC to 2000 Hz) 

Sample/ hold aperture time 

30ns 

DIGITAL INPUT/OUTPUT 


All signals are compatible with 
Microcomputer bus 

Output coding 

Bipolar, Two’s Complement; 

An analog input channel is selected by: 
The output data bits are read into: 1 " 

unipolar, straight binary 

ADR1, through ADR4, 

DAT0/ through DAT7, 

POWER REQUIREMENTS 

MP8408, MP8416 

±5VDC ±59r at 1 amp, 25mV ripple 

MP8417-NS, M P8409-NS 

/ ±5VDC ±59r at +500mA, 25mV ripple 
/±15VDC ±39? at ±50mA, 5mV ripple 


(-15VDC ±3% at -75mA, 5mV ripple 

TEMPERATURE RANGE 


Temperature range 

0°C to 70"C 

ANALOG OUTPUT SYSTEMS 

MP8304 

ANALOG OUTPUT 


Number of analog outputs 

4 

Output voltage range 1 " 

±10V, 0 to 10V, ±5V, 0 to 5V, ±2.5V 

Output impedance 

at 5mA (strap selectable) 

in 

Output settling time 

<10 microseconds 

TRANSFER CHARACTERISTICS 


Resolution 

1 2 bits binary 

Throughput accuracy (max) 

±0.0125% FSR 

Temperature coefficient of accuracy 
U,nipolar 

±0.003% FSR/"C 

Bipolar 

±0.0045% FSR/ H C 

DIGITAL INPUT/OUTPUT 

All signals are compatible with 
Microcomputer bus 

An analog output channel is selected by: 

ADRI/ and ADR2/ 

The input data bits are read by: 

DAT0/ through DAT7/ 

POWER REQUIREMENTS 


MP8304 

±5VDC ±5% at ±1 amp, 25mV ripple 

MP8305-NS 

/ +5VDC ±5% at ±1 amp, 25m V ripple 
< + 1 5 V DC ±39r. at TlOOmA, 5mV ripple 


( -15VDC ±3% at -100m A, 5m V ripple 

TEMPERATURE RANGE 


Temperature range 

0°C to 70°C 


OPERATING INSTRUCTIONS 

INSTALLATION 

The M P8304, M P8408 and the M P84 1 6 are shipped from 
the factory calibrated and ready for immediate use. 
Installation requires only plugging the card into any 
empty slot in the computer and routing the board’s 
mating I/O cable. Cable placement is shown on page 
10-30. The cable supplied with each board is shielded 
and, in the case of the M P8304, provided with the proper 
termination. 


PROGRAMMING 

Programming of these analog I/O boards is easily 
accomplished since all are treated as memory locations. 
The MP8304 uses a single SHLD instruction to load any 
of its four digital to analog converters from the H and L 
registers. In a similar manner a channel in the M P8408 or 
MP8416 is read by a single LHLD instruction. 

The voltage data for these boards is represented by a 12 
bit two’s complement binary number. Each bit has a value 
of 4.88mV, with the polarity of the voltage indicated by 
the sign of the binary number. Since the H and L register 
pair is 16 bits long and the data word is 12 bits, the 
MP8408 and MP8416 set these unysed bits to the same 
value as the most significant bit of the data. This assures 
proper representation of the data’s sign. 

Each board is set at the factory for a block of addresses 
beginning at F720. Any analog data channel requires two 
memory locations since the digital data is 12 bits. The 
least significant 8 bits of data are always located in an 
even location while the remaining 4 bits are located in the 
next higher location. Thus, the first analog channel is 
located at F720 and F721 while the second analog 
channel is located at F722 and F723. These boards can 
occupy the same address space as memory since they 
inhibit memory whenever they become active. 


MECHANICAL CHARACTERISTICS 

Compatible with Intellec MDS and SBC-604/614 card 
spacing. 

Minimum card spacing: 12.7mm (0.5") 

Microcomputer bus connector required: 86 pin PC edge 
connector with 0.156" contact centers. 

40 pin analog connector (3M - 3432) provided on board. 
Mating connector (for OEM versions) is 3M - 3417. 
Recommended cable also by 3M; 3476/40. 


(1) Connected at the factory for ±10V range. 

(2) FSR is Full Scale Range (i.e., 20V for ±I0V range, 10V forO to + 10V range). 

(3) The 4 MSB’s when conversion is complete, followed by the 8 LSB’s. 

(4) Adjustable to zero. 
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BURR-BROWN® 

Ibb| 


MP8316-I 

MP8316-V 

MICROCOMPUTER ANALOG OUTPUT SYSTEM 


FEATURES 


DESCRIPTION 


• 16 CHANNELS 

• 0- 24.57mA or ±10V OUTPUTS 

• SINGLE GAIN AND OFFSET ADJUSTMENT 

• MEMORY MAPPED or I/O OPERATION 

• UP TO 20-BIT ADDRESS BUS 

• 12-BIT RESOLUTION 

• MULTIBUS™ COMPATIBLE 


Multibus™ - Intel Corp. 


Dynamic analog outputs allow the MP8316 to provide 
high channel density on a single board. This approach 
frees system space for other peripherals and minimizes 
per channel power requirement. An on-board DC-to-DC 
converter powers the MP8316 from the system +5VDC 
supply. Channel data is stored in an on-board RAM and 
used by the refresh circuit to update outputs. Each 
channel is factory-adjusted to allow system calibration to 
be accomplished with a single gain and offset adjustment. 
Memory mapped or I/O operation is a jumper-pro- 
grammable option on the board. 

Two models of the MP8316 are available. Both models 
have 16 analog outputs and 12-bit resolution. The current 
output model (MP8316-I) will sink up to 24.57mA on 
each channel and is well suited for 4mA to 20mA 
operation. The voltage output model (M P83 1 6-V) can be 
jumpered for bipolar or unipolar operation. Both units 
conform to Intel’s Multibus' M specification. 



International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0RP - Telex: 66-6491 
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SPECIFICATIONS 


ELECTRICAL 

Typical at 25°C and rated power supplies unless otherwise specified. 


| MODEL 

MP8316-I 

MP8316-V | 

| OUTPUTS 1 

Type 

Current sink 

Voltage 

Number of Channels 

16 

16 

Resolution 

12-bit 

12-bit 

Range 

0 to 24.57mA 

±10V, ±5V, ±2.5V , 


10V min 



80V max 

0 to +10V 


1 W max 

0 to +5V at 5mA max 

| ACCURACY | 

Total Accuracy^) max 

±0.1% FSR(2) 

±0.07% FSR 

Offset Error 

±1/2LSB (0.012%) 

±1/2LSB (0.012%) 

Linearity 

11/2LSB 

±1/2LSB 

Gain Error 

0.1% FSR 

0.05% FSR 

Crosstalk 

±1/2LSB 

±1/2LSB 

Temperature Coefficient 

±50ppm/°C 

±30ppm/°C 

| TIMING | 

Refresh Scan Time 

845/xsec 

845Msec 

Charge Time per Scan 

46.2/xsec 

46.2/usec 

Settling Time 



to 0.1% of FSR 

8.5msec 

3.5msec 

to 1/2LSB 

1 1 msec 

5msec 

DATA HOLD TIME ON BUS 

200nsec 

200nsec 

BUS CONFIGURATION 

Multibus ™ 

Multibus ™ 

| POWER 1 

| +5V ±5% (system bus) 

1.5A 

1 

[environment 1 

Operating Temperature 

0°C to +70°C 

Relative Humidity 

95% noncondensing 


NOTES: 

1. With gain and offset error calibrated as described under Calibration, 
includes linearity error, channel-to-channel offset error, channel-to- 
channel gain error and crosstalk. 

2. FSR is full scale range. 

The information in this publication has been carefully checked and is 
believed to be reliable; however, no responsibility is assumed for possible 
inaccuracies or omissions. Prices and specifications are subject the 
change without notice. No patent rights are granted to any of the circuits 
described herein. 


MECHANICAL 


Compatible with Intellec MDS and iSBC-604/614 card spacing. 
Minimum card spacing: 15.2mm (0.6"). 

Microcomputer bus connector required: 86-pin PC edge connector with 
0.156" contact centers. 

50-pin analog edge connector on board for analog outputs, 

0.100" contact centers. 

Mating connectors: 

Burr-Brown 2250MC (Viking #3VH25/1JNS, solder tab). 

3M Corporation 3415-0001 (Scothflex, for flat cable). 


THEORY OF OPERATION 

The dynamic output approach uses a single digital-to- 
analog converter (DAC) to drive all 16 outputs. Digital 
data for each channel is stored in an on-board RAM and 
analog output data for each channel is stored in separate 
sample/ hold circuits. The refresh circuit contains a 
channel counter that selects the appropriate DAC input 
from RAM for the channel being updated and multi- 
plexes the DAC output to the appropriate channel 
sample/ hold. Thus, the output data is updated indepen- 
dent of the host CPU. The CPU changes data in RAM by 


a write operation to the appropriate channel. When this 
occurs, the refresh circuit disables the multiplexer to 
prevent output glitches arid to allow the CPU to change 
the RAM data: 

Table I describes the Multibus 1 M control signals used by 
the MP8316. The pinout of the bus connector (PI) 
conforms to the Multibus 1 M specifications. Control lines 
BPRN/ and BPRO/ are connected so that the MP8316 
will not interfere with multiple processor operation when 
the serial priority technique is used. The auxiliary 
connector (P2) is not used. 


TABLE I. Description of Control Lines. 


Control Line 

Description 

IN IT/ 

This signal resets the system. 

INH 1/ 

Prevents RAM from responding. 

INH 2/ 

Prevents ROM from responding. 

MWTC/ 

Memory write command. 

IOWC/ 

I/O write command. 

XACK/ 

Slave acknowledge to host CPU that data has 
been taken from data bus for write operation or that 
valid data has been placed on the bus for read 
operation. 

BPRN/ 

BUS PRIORITY IN - indicates that no higher 
priority module is requesting the bus. 

BPRO/ 

BUS PRIORITY OUT - passed to BPRN/ input of the 
next lower priority module. 


OPERATING INSTRUCTIONS 

INSTALLATION 

The MP8316 comes factory-adjusted and ready for use. 
Analog outputs are available on connector P3. Current 
outputs require an external current source (see Figure 1 ). 


10V to 80V 


1 CURRENT 
SOURCE 


r;T 

LOAD 


- 

* i 

CH15 ! | 

Q i- 


! L 

i c i + j 

| ' LOAD 



CH14 | 1 1 


i * j 

i i ! 



MP8316-I 


P3 

I 1 



FIGURE 1. Connections for Current and Voltage 
Outputs. 
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MICROCOMPUTER ANALOG I/O SYSTEMS 


A 31-CHANNEL ANALOG INPUT, 2-CHANNEL OUTPUT SYSTEM 
COMPATIBLE WITH INTEL SBC80, INTELLEC® MDS AND 
NATIONAL BLC-80 MICROCOMPUTERS 


FEATURES 

• HIGH AND LOW LEVEL INPUTS 

• SOFTWARE PROGRAMMABLE GAIN (1 to 1024) 

AMPLIFIER OPTION 

• ANALOG INPUT ANO OUTPUT ON ONE BOARD 

• EASILY PROGRAMMED 

• MEMORY MAPPED 

• LOW COST 

• BURN-IN 



DESCRIPTION 

The MP8418 series of analog I/O peripherals are 
electrically and mechanically compatible with and 
interface directly to Intel’s MULTIBUS® and other 
microcomputers of similar configuration. These analog 
systems are treated as memory by the CPU. 

The analog input portion of the MP8418 includes: over- 
voltage protection to 26VDC; provision for up to eight 
4mA to 20mA inputs; an analog multiplexer; resistor 
programmed instrument amplifier or, a software 
programmable amplifier (gain of 1 to 1024); sample/ hold 
amplifier and; a 12-bit A/D converter. An optional 
analog output system is included on the same board. It 
consists of two 12-bit D/A converters with double 
buffered inputs to minimize glitches, and control logic. 

MP8418 is a 15-channel differential (user strapable as 31 
channel single-ended) analog input system. With one 
expander board the system can be expanded to 63 
differential channels (strapable as 127 single-ended 
channels). Another input channel is grounded on the 
board so that it may be used as ground reference for 
automatic calibration. 

Gains of 1 to 1024 are software selectable for the 
programmable amplifiers and the gain for each channel 
(up to 127 channels) may be stored in an on-board RAM 
if desired. The proper gain for each channel is then 
selected automatically by the MP8418. 


International Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRC0BP - Telex: 66-6491 
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MECHANICAL 

SPECIFICATIONS 

Compatible with Intellec MDS and SBC-604/614 card 
spacing. 

Minimum card spacing; 15.2mm (0.6"). 

Microcomputer bus connector required: 86-pin PC edge 
connector with 0.156" contact centers. 

One 50-pin analog edge connector on board for analog 
inputs. 

Mating connector available from Burr-Brown: 

2250MC. (Viking #3VH25, IJN5, solder tab); 
from 3M: 3415-0001 (Scotchflex). 

Two 20-pin analog edge connectors on board for analog 
outputs and analog input expansion. 

Mating connector available from Burr-Brown: 

2220MC. (Viking #3VH 10/ IJN5). 


OPERATING INSTRUCTIONS 

INSTALLATION 

MP8418 is shipped from the factory calibrated and ready 
to use. Installation requires only plugging the card into 
any empty slot in the computer and wiring the analog 
connector. 

PROGRAMMING 

This peripheral is programmed as a memory location and 
any memory reference instruction can be used. Both the 


A/D converter output and D/A converter input are 12- 
bit words, therefore, two memory locations are needed 
for each channel. The address block occupied by each 
MP8418 is user selectable and.can be placed anywhere in 
memory. 

Because these peripherals are treated as memory, a 
minimum of instructions are needed to read an input 
channel, or to set the input of a D/A converter. For 
example: when the MP8418 is connected in the HALT 
mode, the LHLD (load) instruction followed by the 
proper address can be used to read data from an analog 
input channel. It will automatically select the desired 
channel, initiate conversion and when conversion is 
complete, transfer the A/D converter output to the 
8080’s H and L registers. The eight least significant bits 
(LSB’s) of the data word are transferred to the CPU first 
followed by the four most significant bits (MSB’s). The 
four MSB’s are in data bus positions 0-3. A single SHLD 
instruction can be used to write data to one analog output 
channel. The eight LSB’s are written first, followed by the 
four MSB’s (in D0-D3). When the four MSB’s are written 
to the board, all twelve bits of the data word are 
transferred simultaneously to the D/A converter input. 


ADC/DAC Bit Placement 



D7 

1)6 

1)5 

1)4 

1)3 

P2 

D1 

DO 

Low Byte 

B 

Bh 

Bs 

b 4 

B, 

B: 

B, 

B„ 

High Byte" 

X 

X 

X 

X 

Bn 

Bui 

Bi 

B k 


On MP8418’s, with the software programmable gain 
amplifier, an on-board random access memory (RAM) 
may be used to store the gain for each channel. In this 
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mode, (Control Register D4 = 1), the proper 
gain is automatically selected from the RAM 
when a channel is converted. If the RAM is not 
used (Control Register D4 = 0), the amplifier 
gain must be written to an on-board register 
(Control Register D0-D3). 

All these systems are jumpered at the factory 
with a base address of F700w,. Each subsequent 
channel is two memory locations past the start of 
the last channel, consequently channel one is at 
location F702i<>, channel two is at location 
F704i ft , etc. 

The input system operates in several modes: 
INTERRUPT MODE: A read instruction to the 
board (ADRO = 0) starts the conversion. An 
interrupt is generated at the end of the 
conversion. The interrupt can be connected to 
any of eight vector locations and may also be 
disabled by software. Control Register D6 = 1 
enables interrupt for interrupt mode. 

POLLING MODE: A read to the board starts 
the conversion. The interrupt is disabled by 
software and the CPU may then read the status 
word to determine when conversion is complete. 
Control Register D6 = 0 disables interrupt for 
polling mode. 

HALT MOPE: a read instruction to the board 
starts the conversion. The MP8418 halts the 
CPU until conversion is complete, at which 
point the data is transferred to the CPU. Only 
one instruction is needed to start conversion and 
to transfer data to the CPU (an LHLD or POP 
referenced to the channel’s LSB’s can be used). 
CONTINUOUS MODE: A read instruction to 
the board starts the conversion. The CPU is not 
halted, but reads the status of the MP8418 to 
determine when conversion is complete (Control 
Register D6 = 0) - or the CPU waits for an 
interrupt (Control Register D6 = 1). When 
conversion is complete, the CPU reads the data. 
The read instruction is addressed to the next 
channel to be converted. The data from the last 
conversion is thus transferred to the CPU and 
conversion is started for the next channel. 

EXTERNAL TRIGGER: This mode allows a 
conversion to be started independent of the 
CPU. A read instruction is required to set the 
proper channel. Once the board has been set, a 
low to high transition of the EXTERNAL 
TRIGGER input (P5, pin 20) will start 
conversion. End of conversion can be detected 
by polling or interrupt technique. Data is 
obtained by any read command. The external 
trigger will start conversion independent of 
other board functions. The busy input (P5, pin 
19) goes high at the start of conversion and goes 
low when the MSB of the converted data is read 
by CPU. 


ELECTRICAL SPECIFICATIONS 


Typical at 2S°C and rated power supplies unless otherwise noted. 


| ANALOG INPUT SECTION 

MP84I8 

| INPUT CHARACTERISTICS ] 

Number of Channels 

31 single-ended/ IS differential 

ADC Gain Ranges (Jumper Selectable) 111 

0 to 5V, 0 to 10V, ±2.5V, ±5V. ±10V 

Amplifier Gain Ranges 


Resistor Programmable 12 */ Software Programmable 

1 to 1000/1 to 1024 

Maximum Input Voltage Without Damage 131 

±26 volts 

Input Impedance 

100MQ, lOpF OFF Channel 


lOOMO, lOOpF ON Channel 

Bias Current (25°C) 

±20 n A 

Bias Current (0 to 70°C) 

±50nA 

Differential Bias Current 

±10nA 

Amplifier Input Offset Voltage G = 1000 


Resistor Programmable/ Software Programmable 

±400fzV/ ±4/uV 

Amplifier Input Offset Voltage Drift G = 1000 


Resistor Programmable/ Software Programmable 

±2fiV j°C / ±1 pV i°C 

1 TRANSFER CHARACTERISTICS j 

Resolution 

12 Bits 

Throughput Time (max) G = 1 


Resistor Programmable/ Software Programmable 

38^/sec/ 350^sec 

Throughput Time G = 1024 


Resistor Programmable/ Software Programmable 

100Msec/350/usec 

| ACCURACY | 

System Accuracy at +25°C (max)' 41 G = I 

±0.0325% FSR 15 ' 

System Accuracy at +25 0 C' 4, G = 1024 


Resistor Programmable/ Software Programmable 

±0.1% FSR/ ±0.05% FSR (max) 

Linearity 

±I/2LSB 

Differential Linearity 

±1/2LSB 

Quantizing Error 

±1 / 2LSB 

Gain Error 

Adjustable to Zero' 61 

Offset Error 

Adjustable to Zero 

Monotonicity 1 7) 

Guaranteed 0°C to +70°C 

[ STABILITY OVER TEMPERATURE (Bipolar)' 8 ' | 

System Accuracy Drift (max) G = 1 

±45ppm of FSR/ "C 

System Accuracy Drift G = 1024 

±I00ppm of FSR /°C 

| DYNAMIC ACCURACY | 

Sample/ Hold Aperture Time 

125 nsec 

Aperture Time Uncertainty 

±5 nsec 

Differential Amplifier CMRR G = 1 

86dB (DC to 60Hz) 

Channel Crosstalk 80dB down at 1kHz, for OFF Channel to 

1 

ON Channel 

ANALOG OUTPUT SECTION (AO option) 

OUTPUT CHARACTERISTICS 

Number of Channels j 

2 ' 

Output Voltage Ranges (Strap Selectable) ±l0V,0to I0V, ±5V, 0 to 5V, ±2.5V at 5mA 

Output Impedance 

in 

Short Circuit Protection 

Yes 

TRANSFER CHARACTERISTICS | 

Resolution 

12 bits 

Output Settling Time (max) 

10/xsec 

ACCURACY | 

Output Accuracy 

±0.0125% FSR 

Temperature Coefficient of Accuracy 

±30ppm of FSR, °C 

POWER REQUIREMENTS | 

MP8418/ MP8418-PGA 

+5V ±5% at I.2A 

M P84 1 8-AO/ M P84 1 8-PG A- AO 

+5V ±5% at 2.0A 

ENVIRONMENTAL | 

Operating Temperature 

0°C to +70°C 

Relative Humidity 

95% noncondensing 


NOTES: 

1. Factory set for ±10V range. 

2. Factory set for Gain = 1. 

3. With power off. ±36 volts with power on. 

4. Includes linearity errors with gain and 
offset errors adjusted to zero. 

5. FSR means Full Scale Range. 


6. When any one gain range is adjusted to 
zero gain error, the gain error for any other 
range is less than ±0.02% when using the 
software programmable amplifier. 

7. No missing codes guaranteed. 

8. Includes offset drift, gain drift and 
linearity drift. 
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MODEL 

FACTORY MODE CONNECTIONS 

FACTORY SET MODE 

MP8418 

HALT 

MP8418-AO 

HALT 

MP8418-PGA 

POLLING INTERRUPT* 

MP84I8-PGA-AO 

POLLING INTERRUPT* 

Note: Any model can be connected in any mode. 

*lnt 1 Factory Set 


TABLE I. Programming Mode Connections. 


JUMPERS REQUIRED FOR 
INTERRUPT VECTOR 

INTO, 

JP70 

INTI, 

JP71 

INT2/ 

JP72 

1NT3, 

JP73 

INT4/ 

JP74 

INT5 

JP75 

INT6, 

JP76 

INT7, 

JP77 


JUMPER REQUIRED | 

Halt Mode 

JP17. JP29, JP30. JP81 

Polling and Interrupt Mode 

JPI7.JP29.JP81 

Continuous Mode 

JP17. JP31. JP82 

External Trigger Mode 

JPI6.JP29.JP81 


TABLE IL Mode Selection Jumpers. TABLE 111. Interrupt Selection. 


Factory 

Set 

ADR7 ... ADRO 


MEMORY MAP 

READ 


WRITE 

F700 

0000 0000 

CHO 

8LSB’s of offset 


N/A 

| GAIN 0* 

F701 

0000 0001 

IN 

STATUS 


CONTROL 

F702 

0000 0010 

CHI 

LSB 


N/A 

i GAIN 1* 

F703 

0000 0011 

IN 

MSB 


N/A 

F704 

0000 0100 

CH2 

LSB 

CHO OUT 

LSB 

..•**'* GAIN 2* 

F705 

0000 0101 

IN 

MSB 

or GAIN 

MSB 

F706 

0000 0110 

CH3 

LSB 

CHI OUT 

LSB 

GAIN 3* 

F707 

0000 0111 

IN 

MSB 

or GAIN 

MSB 

F708 

0000 1000 

CH4 

LSB 


N/A 

^ — GAIN 4* 

F709 

0000 1001 

IN 

MSB 


N/A 




; 



\ 

F71E 

0001 1110 

CH 15 

LSB 


N/A 

GAIN 15* 

F71F 

0001 1111 

IN 

MSB 


N/A 

F710 

0001 0000 

CH 16 

LSB 


: n/a 

— 'GAIN 16* 

F71 1 

0001 0001 

IN 

MSB 


N/A 


N/A - Not used. 


♦Used only on PGA versions when RAM gain storage is used. 

A read instruction (other than a STATUS REGISTER read) should not be made to the board during a conversion. 
Contact factory for more details. 


STATUS REGISTER 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Convert 

Complete 

Interrupt 

Enable 

Write* 

Enable 

RAM* 

Enable 


--GAIN X*— * 




♦Used only on versions with software programmable amplifier. 


Convert Complete - The bit is low during conversion. It 
goes high on completion of conversion and remains high 
until the MSB of a data word is read. 

Interrupt enable: status of interrupt enable 
Write enable: status of write enable 
RAM enable: status of RAM enable 
GAIN X: current value stored in PGA GAIN control 
register. 
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MICROCOMPUTER ANALOG INPUT EXPANDER 

FOR MP8418 


FEATURES 

DESCRIPTION 

• 48 DIFFERENTIAL CHANNELS/ 

96 SINGLE-ENDED CHANNELS 

• SOLID STATE MULTIPLEXING 

M P84 1 8-EXP is a bank of multiplexers that expand 
the analog input channel capacity of the MP8418 
series microperipheral. Differential input capability 
is expanded from 1 5 channels to 63 channels. Single- 
ended capability is expanded from 3 1 channels to 1 27 
channels. Control signals and power are passed to 
the expander from the MP8418. The analog input 
signal is passed to the MP8418 from the expander. 
Multiplexer channel addresses are latched on the 
expander board. The expander occupies the memory 
space immediately above the MP8418. Gain, data 

• 26V OVERVOLTAGE PROTECTION WITH 0I00E CLAMPS 

• MULTIBUS™ COMPATIBLE 



Multibus™ • Intel Corp. 

conversion, and bus interface are performed by the 

M P84 1 8. Channel gains can be stored in a RAM on 
the PGA versions. 



International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 


electrical 


Inputs 

48 differential 

96 single-ended 

Input Protection 

26V 

Power +5V 
+15V 
-15V 

110mA (from system bus) 
30mA (from MP8418) 

20mA (from MP8418) 


See MP8418 Specifications for all other input 
characteristics. 


MECHANICAL 

Compatible with Intellec MDS and iSBC-604/614 
card spacing. 

Minimum card spacing: 15.2mm (0.6"). 

Microcomputer bus connector required: 86-pin PC edge 
connector with 0. 156" contact centers. 

Two 50-pin analog edge connectors on board for 
analog inputs. 

Mating connectors: 

Burr-Brown 2250M C (Viking # V H25/ 1 JN5) , solder tab; 
3M Corporation: 3415-0001 (Scotchflex). 

Interface Cable: 20-conductor ribbon cable with a card 
edge connector mass terminated on each 
end, available from Burr-Brown: 
MP8005, 1" long 
SM50123-001, 9.5" long 


INTERFACE CONNECTOR 


Bottom 

P5 

Top 

+15VDC 

1 

2 

+15VDC 

Analog GND 

3 

4 

Analog GND 

-15VDC 

5 

6 

-15VDC 

Dig GND 

7 

8 

Addr. Out 

Dig GND 

9 

10 

EXP/ 

Dig GND 

11 

12 

Dig GND 

Analog GND 

13 

14 

Analog GND 

Analog GND 

15 

16 

Analog GND 

Analog GND 

17 

18 

IA IN- 

Analog GND 

19 

20 

IA IN+ 


INSTALLATION 


If possible, adjacent slots in the system should be used for 
the MP8418 and MP84 18-EXP. This is particularly 
important for low level operation where longer cables 
introduce noise and offset errors. Analog inputs connect 
to P3 and P4. Connector P5 on the MP84 18-EXP 
connects to P4 on the M P84 1 8 to interface the two units 
(see Figure 1). Tables I and II show jumper configurations 
for the expander and additional jumper changes required 
ontheMP8418. 



TABLE I. Jumper Requirements for Differential 
Operation. 



MP8418 

MP8418-EXP 

Install 

JP44, 45 
JP33, 36 

JP2 


JP66, 67, 
JP3, 4, 7 

JP3 

Remove 

JP42, 39 
JP2, 5 

JP1 


TABLE II. Jumper Requirements for Single-ended 
Operation. 



MP8418 

MP841 8-EXP 

Install 

JP44 

JP33, 37 

JP66, 67, 68 
JP2, 5 

JP1 

Remove 

JP39, 42, 43, 
36,45 

JP2 


JP3, 4, 7 

JP3 


INPUT NETWORK 

The input network is shown in Figure 2. The switch 
shown represents two CMOS multiplexers in series. 
Input protection is provided by the series resistors and 
diode clamps. The clamps prevent the multiplexer inputs 
from exceeding the supply voltages. An optional resistor 
(R) allows the user to convert current inputs to voltage 
that can be detected by the MP8418. The optional 
capacitor (C) in combination with the input resistors 
form a low-pass filter. Low-leakage high-quality ca- 
pacitors should be used to minimize errors. The optional 
resistor and capacitor are only useful for differential 
operation. 
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MICROCOMPUTER ANALOG I/O SYSTEMS 


FEATURES 


• INTEL-SBC80 and INTELLEC MDS COMPATIBLE 

• NATI0NAL-BLC80 COMPATIBLE 

• LOW COST 

• 70°C BURN-IN 

• EASY TO PROGRAM 

Systems are treated as memory 

• REDUCES SYSTEM DEVELOPMENT TIME 

System engineered and specified 
Operates from computer’s +5VDC 
power supply if desired 

• EASY TO USE 

8 to 64 input channels on one board 
Analog input and output on one board 



International Airport Industrial Park - P.O. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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DESCRIPTION 


These microcomputer peripherals provide two functions 
that interface directly to Intel’s SBC80 and Intellec MDS 
microcomputers. The functions are: (1) Analog Data 
Acquisition and (2) Analog Output. The devices are 
electrically and mechanically compatible with any SBC80 
and Intellec MDS. Both analog input and output systems 
are contained on a single printed circuit board that is 
treated as memory input or output by the CPU. The cards 
will mate to any memory or I/O slot. They are compatible 
with the 0.6" spacing of the SBC80 or the 0.75" spacing of 
the Intellec MDS. The analog interface for each system is 
a connector at the opposite edge of the board from the bus 
connector. 

The Data Acquisition system is available with up to 64 
channels single-ended on one board. It includes an input 
multiplexer, high gain instrumentation amplifier, 8-bit 
A/D converter along with all the necessary timing, 
decoding and control logic. A DC/ DC converter (-r 5 V to 
±15V) is also available so that only the computer’s power 
supply is required. The Data Acquisition System is 
available with two optional 8- bit D/A converters to 
provide analog input and output on the same board. 



THEORY OF OPERATION 


When programming with these peripherals, they are 
treated as memory locations. Any memory reference 
instruction can be used. Both the A/D converter output 
and the D/A converter input are 8-bit words so one 
memory location is needed for each channel. Because the 
address block occupied by each peripheral is user 
selectable, it can be placed anywhere in memory. 

Because these units are treated as memory, a minimum of 
instructions are needed to read an input channel or to set 
the input of a D/A converter. For instance, the LHLD 
(load) instruction followed by the proper address can be 
used to read data from two successive analog input 
channels. It will automatically select the desired channel, 
initiate conversion and when conversion is complete, 
transfer the A/D converter output for the first channel to 
the 8080’s L register and the second channel to the H 
register. Likewise a single LDA instruction can be used to 
read one analog input channel. 

All of these systems are jumpered at the factory with the 
first channel at address F700i6. Each subsequent channel 
is one memory location past the start of the last channel 
so that the second channel is at location F701i6. 


ANALOG INPUT/ 

OUTPUT SYSTEM 
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SPECIFICATIONS 

All specifications typical at 25°C unless otherwise noted. , 


ANALOG INPUT/OUTPUT SYSTEM 

ANALOG INPUT 

Number of analog inputs 

8 differential 

16 single-ended 

32 differential or 64 single-ended 

Input voltage range"’ 

ADC gain ranges'" 

(strap selectable) 

Amplifier gain range" 1 
(resistor programmable) 

Amplifier gain equation 

Input overvoltage protection 

Input impedance 

Bias current 

25"C (max) 

0"C to 70"C 

Amplifier input offset voltage 

Amplifier input offset voltage drift 

MP8608 

MP8616 

MP8632 

±10mV to ±5V 
±I0V, Oto 10V, 0to 5V 
±5V, ±2.5V 

1 to 1000 V/V 

G = IOOkn/R R xi 
±I5V 

100 megohms 

+300nA 
-2nA C 

±2mV 

±(5 + 1000 ) ., c 

G 

ANALOG INPUT TRANSFER CHAI 

IACTERISTICS 

Resolution 

8 bit binary 

Throughput accuracy ±5V range (max) 

±0.4% FSR'"' 

±10mV range 

±0.5% FSR 

Temperature coefficient of accuracy 


±5V range (max) 

±0.02% FSR C 

±10mV range 

±0.07% FSR C 

Conversion time ±5V range 

44 microseconds 

±10mV range 

84 microseconds 

CMRR (for differential inputs)" 1 

66 dB (Gain = 2) 


86 dB (Gain = 100) 

ANALOG OUTPUT 


Number of analog outputs 

2 

Output voltage range 141 

±I0V, 0 to 10V, ±5V, 0 to 5V, ±2.5V 


at 5mA (strap selectable) 

Output impedance 

in 

Output settling time (max) 

< 5 microseconds 

ANALOG OUTPUT TRANSFER Cl 

HARACTERISTICS 

Resolution 

8 bits binary 

Throughput accuracy (max) 

±0.4% FSR 

Temperature coefficient of accuracy 


Unipolar 

±0.005% FSR/°C 

Bipolar 

±0.01% FSR/°C 

DIGITAL INPUT/OUTPUT 


All signals are compatible with 


Microcomputer Bus 


Output coding 

Bipolar, two’s complement; 


Unipolar, straight binary 

An analog input channel is selected by: 

ADR0/ through ADR5/ 

An analog output channel is selected by: 

ADR0/ 

The input/ output data bits are read through: 

DAT0 / through DAT 7/ 

POWER REQUIREMENTS 


MP8608, MP86I6, MP8632, 

+5VDC ±5% at 1 amp, 25mV ripple 

With analog output 


MP8608-AO, MP8616-AO, MP8632-AO 

+5VDC ±5% at 2 amp. 25mV ripple 

TEMPERATURE RANGE 



0"C to 70°C 


(1) Connected at the factory for ±5V range (ADC range = ±I0V. Gain = 2). 

(2) FSR is Full Scale Range (i.e., 10V for ±5V range). 

(3) DC to 60Hz with lkfl source unbalance. 

(4) Connected at the factory for ±10V range. 

(5) Connected at the factory as 32 differential. 


OPERATING INSTRUCTIONS 

PROGRAMMING 

Programming of this analog I/O board is easily 
accomplished since all channels are treated as memory 
locations. Any memory reference instruction can be used. 
A single ST A instruction may be used to load the 
accumulator contents to one of the D/A converters. 
Likewise a single LDA instruction can be used to read an 
analog input channel. 

Single instructions can also be used to set the inputs of 
both D/ A converters and read two adjacent analog input 
channels. An SHLD instruction referenced to DAC 1 will 
load the contents of the L register into DAC 1 and the 
contents of the H register into DAC 2. An LHLD 
instruction will read the channel addressed and the next 
higher channel. The channel addressed will be transferred 
to the L register and the next higher channel to the H 
register. Of course, any MOV instruction may also be 
used if direct addressing is not desired. 

The normal operation of this board halts the CPU during 
the conversion time of the analog input system. This is 
because the software in this mode is simpler than in any 
other (i.e., only one instruction required!). If the halt 
feature is not desirable, it may be disabled. 

For operation without halting the CPU, the conversion 
should be started by using a single channel memory 
reference instruction (LDA or MOV). Then the CPU 
should execute a routine which will take longer than the 
conversion time (44 to 84 microseconds). When the CPU 
now uses an LDA or MOV referenced to the same 
memory location, the converted data will be transferred 
to the CPU. 

The voltage data for these boards is represented by an 8- 
bit two’s complement binary number. With a ±5V range, 
each bit has a value of 39.1 mV, with the polarity of the 
voltage indicated by the sign of the binary number. 

Each board is set at the factory for a block of addresses 
beginning at F700. Any analog data channel requires one 
memory location. Thus the first analog channel is located 
at F700 while the second analog channel is located at 
F701. 


MECHANICAL CHARACTERISTICS 

Compatible with Intellec MDS and SBC-604/614 card 
spacing. 

Minimum card spacing: 12.7mm (0.5"). 

Microcomputer bus connector required: 86 pin PC edge 
connector with 0.156" contact centers. 

50 pin analog edge connector on board. 

Mating connector available from Burr-Brown: 

2250MC (Viking # 3VH25/ 1JN5, solder tab); 
from 3M: 3415-0001 (Scotchflex). 
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INDUSTRIAL SYSTEMS PRODUCTS 




IOS2000 

A Complete I/O System That Makes I/O Handling 
Easy... Reduces Control System Costs 


Spell out your process, control, measurement or test steps in logical 
operational sequence using our BASIC-400 that speaks your language. 
Use preprogrammed keyboard “Function” keys to simplify commands 
for untrained operators. 

Your program, once written intoCS450’s memory, is transferred to disk 
and or cassette tape storage where it becomes a permanent program 
that can be re-run as you wish. AUTOSTART automatically reloads 
your stored program into CS450’s operating memory. The operator 
does not load the program and, in fact, CS450 can start up and control 
processes without operator involvement. 

Mass storage, printer, alarm, process I O, AUTOSTART, real time 
clock and calendar are built into a compact table top or rack mount 
package. CRT is an option. Up to seven analog, digital and discrete I O 
boards plug into CS450's Multibus' M compatible card cage. Connect 
sensor inputs control outputs and you’re ready to run! 

CS430: rugged, lower cost. ..uses dual minicassette tape drives rather 
than dual disk drives which are standard on CS450. All other functions 
are identical. 


Multibus™ - Intel Corp. 


Remotely located, this intelligent front-end collects and conditions 
sensor inputs - sends them to your CPU already digitized and 
preprocessed. Operating in a closed loop, IOS2000 responds to CPU 
commands - generates contact closure outputs to turn on lights, 
motors... generates analog output voltages and currents to modulate 
valves, establish set points, etc. 

Routine sensor signal conditioning and intelligent internal house- 
keeping programs automatically occur every time an operator communi- 
cates with IOS2000. 


Up to 15 clustered 10S2000 systems can be connected to one ASCII 
serial communications line. As a result, up to 10,000 I/O’s can be 
handled. Use IOS2000 as extended front ends in stand-alone applica- 
tions using programmable terminals or CPU’s. Plug-in modules let you 
add sensors, outputs, more power in the field as demand grows. Rack 
mounted card cages, remote termination panels, NEMA-4 enclosures 
plus I/O options let you match 10S2000 exactly to your needs. 


A Stand-Alone Measurement and Control System 
That’s Easy To Install, Program, Operate 


Using its preprogrammed microprocessor, IOS2000 can be the sensory 
center of your control system. Fully expandable, transparent to CPU 
and operator, IOS2000 reduces system design/ installation costs - is 
burdenless to your CPU /software. 


CS450 
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MCS100 

DATA ACQUISITION SYSTEM 

Truly Cost Effective Analog and Digital I/O 


Now remote I/O is a practical option because MCS 100 significantly 
reduces the total design, installation and operating costs of data 
acquisition and control systems. Because of its modular design - and 
Multibus IM capability - you can purchase a system configured for 
today’s needs, but be assured that you can expand it later with minimum 
problems and cost. 

This versatile system eliminates most signal conditioning while main- 
taining data accuracy over industrial temperature ranges of 0 to +50°C. 
It offers both analog and digital inputs and outputs incorporating 
Burr-Brown’s full range of I O functions. Up to nine of these 
Multibus™ compatible I/O cards can be placed in each card cage. 
Memory-mapped I O addressing simplifies programming. Open card 
cage and rack mount chassis, plus NEMA and explosion-proof 
enclosures options, add installation flexibility to MCS 1 00. 

Up to 16,320 inputs/ outputs can be handled when 15 MCSIOO’s are 
multidropped on one serial communications line. CPU operator 
involvement as well as maintenance procedures are sharply reduced. 
Costly fragile calibration equipment is not required. 

Multibus 1 ' 1 - Intel Corp. 


MICROMUX 

A Two-Wire System That Takes The Cost... 
Complication Out of Remote Data Acquisition 


Locate a MICROMUX Remote Transmitter near monitoring points, 
input up to 16 analog or digital signals: thermocouples, voltage and 
current signals, discrete voltage. Inputs are converted to multiplexed 
digital signals which are transmitted, not by 32 wires, but by a single- 
wire pair to the receiver. 

Locate the MICROMUX Receiver near vour CPU. It receives signals 
from up to four remote transmitters, converts them to three-digit BCD 
format. This continuously updated information is stored in the 
receiver’s memory. 


Rugged transmitters - designed for heavy industrial applications - are 
housed in environmentally sealed steel enclosures. Use of approved 
safety barriers makes the unit “intrinsically safe”. 

Sending digitally encoded data through high noise interference areas 
protects its accuracy. An ASCII compatible, 20mA current loop (2400 
baud) serial interface is standard. RS232C with 1 10-2400 baud is an 
option. Upto8 MICROMUX Receivers (handling up to 5 1 2 channels 
of sensor inputs) can be connected to a single serial communications 
port on your CPU. Programming is similar to that used for most ASCII 
peripherals. 
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ACCESSORIES 


This section contains illustrations and information on the mating connec- 
tors and heat sinks available for use with various Burr-Brown products. The 
type of connector and/or heat sink required by the product is specified 
within the product data sheet. Prices are available from your nearest Burr- 
Brown representative. 
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MATING CONNECTORS 



ACCESS. 









MATING CONNECTORS 


2201 MC 


62.87mm 



1.37mm - 1.80mm 
(.054" - .071") 
Accommodates Thick 
. Circuit Board 


6.61 mm 
(0.26") 

Insertion Depth 


-f—, U U UU UU U V 

r j 

m 0.64mm r*~ 


6.10mm 

(0.24") * (0.025") Pierced 

Accommodate 
3-26 AWG Wire 


3.56mm 

(0.14")ref 


6.35mm 
(0.250") 
•“3.18mm 
(0.125")dia 
(Clearance Hole) 


2350MC 









HEAT SINKS 


0803HS 12°C/WATT 

(See notes) 



2.3mm 








T~ 

(0.09") 








1 9mm 

=l 








(0.75") 

1 — I 


Material: Aluminum 
Finish: Black Anodized 



0805HS 3°C/WATT 


TOP VIEW 



END VIEW 


- 33.0mm - 
(1.30") 



1 7.5mm 


3.55mm 



JJ L 


4.32mm 4 (0.17") 


(0.69") 

T~ 


•NOTES 

1 . Thermal resistance specified are for natural connection. Heatsinks 
0803HS and 0804HS are mounted on 6" x 6" x 1/16" G-10 PC board. 

2. A thin-film of heatsink compound(Dow Corning 340 or equivalent) 
between the heatsink and the TO-3 device is recommended. 
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INTERNATIONAL SALES DIRECTORY 


BURR-BROWN OFFICES 

AUSTRIA 

JAPAN 

UNITED KINGDOM 

EUROPEAN BRANCH OFFICE 

Niederlassung Oesterreich 

Burr-Brown Japan Ltd. 

Burr-Brown International Ltd. 

Burr-Brown Research Corp. 

Burr-Brown Research Gesm.b.H. 

5F Inoue Akasaka Bldg. 

Casslobury House 

18 Station Road 

Senefeldergasse 11 

6-8. 1-chome, Akasaka 

11/19 Station Road 

Watford WD1 1EG 

A-1 100 Wien 

Minato-ku, Tokyo 107 

Watford WD1 1EA 

Hertfordshire, England 

Tel: 0222/62 63 71 

Tel: (03) 586-8141 

Hertfordshire, England 

Tel: (9023) 46759 

Telex: 134777 

Telex: 78125911 

Tel: (0923) 33837 

Telex: 8814542 


Osaka: Tel. 06-305-3287 

Telex: 922481 


BENELUX 



LITERATURE CENTRE 

Burr-Brown International B.V. 

SWITZERLAND 

Burr-Brown AG 

Weingartenstrasse 9 

CH-8803 Rueschlikon/Zurich 

Tel: 01-724-09 28 

Telex: 845 59880 

WEST GERMANY 

Burr-Brown Literature Centre 

P.O. Box 7735 

Burr-Brown International GmbH 

P.O. Box 7735 

1117 ZL Schiphol 

Holland 

Tel: 020/470590 

Telex: 13024 

Hauptsltz und Lager: 

Weldacher Strasse 26 

D-7024 Filderstadt 1 (Bernhausen) 
Tel: 0711/70 10 25 

Telex: 7 255 350 

1117 ZL Schiphol 

Holland 

Tel: 020-470590 

FRANCE 


Biiro Bremen, Tel. 0421/25 39 31 


Burr-Brown International S.A. 


Biiro Duesseldorf, Tel. 02154/84 45 


18 Avenue Dutartre 

F-78150 Le Chesnay 

Tel: (01) 3-954-3558 

Telex: 696372F 


Biiro Muenchen, Tel. 089/61 77 37 


SALES REPRESENTATIVES 


AUSTRALIA 

FINLAND 

ISRAEL 

SOUTH AFRICA 

Kenelec (AUST.) PTY. LTD. 

OY Findip AB 

Racom Electronics Co., Ltd. 

David Pollock (PTY) Ltd. 

48 Henderson Road, Clayton 

P.O. Box 34 

P.O. Box 21120 

17 Melle St., 2nd Floor 

Victoria 3168 

SF-02701 Kauniainen 

Tel-Aviv 61210 

Braamfontein Johannesburg 

Tel: (03) 560-1011 

Telex: AA 35703 

Tel: 90-5052255 

Tel: 03-453151 

Tel: 724-8274 


GREECE 

ITALY 

SPAIN 

BELGIUM 

Macedonian Electronics, Inc. 

Metroeletronica 

Unitronics, S.A. 

Betea N.V./S.A. 

Thessaloniki-Hellas 

Viale Cirene 

Plaza De Espana 18 

775, Ch. De Louvain 

P.O. Box 240 

20135 Milano 

(Planta 9, Oficina 4) 

1140 - Brussels 

Tel: 306 800 

Tel: (2) 5462641 

Madrid - 13 

Tel: 736-80-50 



Tel: 242-52-04 

CANADA 

(Components) 

HONG KONG 

Schmidt & Co. (HK) Ltd. 

28th Floor, Wing on Centre 

G.P.O. Box 297 

NEW ZEALAND 

McLean Infor. Tech. Ltd. 

P.O. Box 18-065 

SWEDEN 

Svensk Teleindustri 

Allan Crawford Associates 

Tel. 5455644 

Glen Innes 

Box 5024 

6503 Northam Drive 

Auckland 

S-162 05 Vailing by 

Mississauga, Ontario L4V 1J2 

Tel: (416)678-1500 

HUNGARY 

Tel: 587-037 Auckland 

Tel: 380 320 

(Industrial Systems) 

Webster Instruments Ltd. 

Siex Elektronikelemente GmbH 
D-8502 Zirndorf 

Postfach 1365 

NORWAY 

H.C.A. Melbye A.S. 

TAIWAN 

Alpha Precision Instru. Corp. 

1134 Aero wood Drive 

West Germany 

Tel: 60 71 78 

Postboks 8 Haugenstua 

12th Floor, Express Bldg. 

Mississauga, Ontario L4W 1Y5 

Oslo 9 

56 Nan King East Road Sec. 4 

Tel. (416) 625-0600 

Tel: (02) 10 60 50 

Taipei, Taiwan, R.O.C. 

Tel: (02) 741-2104 

INDIA 

Oriole Services & Consultants, 

Pvt. Ltd. 

4, Kurla Industrial Estate 

Agra Road, Ghatkopar 

Bombay 400086 

Tel: 672 973 

DENMARK 

Mer-EI A/S 

PORTUGAL 

Telectra 

YUGOSLAVIA 

Ved Klaedbo 18, 

DK-2970 Hoersholm 

Tel: (02) 57 10 00 

P.O. Box 2531 

Lisbon 1 

Tel: 686072 

Elektrotehna Ljubljana 

TOZD Elzas 

Titova 81 , 

Ljubljana 61001 

Tel: 061-311564 



ROMANIA/BULGARIA 

Empexion Ltd. 

Falcon House, Littlers Close 
Colliers Wood 

London, SW19 2RE 

England 

Tel: 01-543-0911 









U.S. SALES DIRECTORY 

BURR-BROWN OFFICES 


ARIZONA (Home Office) 

CALIFORNIA 

COLORADO 

ILLINOIS 

NEW YORK (Metropolitan Area) 

International Airport Industrial Park 

31225 La Baya Drive, Suite 1 12 

320 E. Third Street, Suite A 

33 N. Addison Road, Suite 102 

14 Rye Ridge Plaza 

P.O.Box 11400 

Westlake Village 91362 

Loveland 80537 

Addison 60101 

Port Chester 10573 

Tucson 85734 

Tel: 213/991-8544; 

Tel: 303/663-4440 

Tel: 312/832-6520 

Tel: 914/253-9333 

Tel: 602/746-1111 

805/496-7581 

TWX: 910-930-9028 

TWX: 910-254-1431 

TWX: 710-568-1355 

TWX: 910-952-1111 

Telex: 66-6491 

TWX: 910/336-1684 

TEXAS 

OHIO 

MASSACHUSETTS 


CALIFORNIA 

6901 Corporate Drive, Suite 221 

6500 Busch Blvd,, Suite 210 

687 Highland Avenue 

CALIFORNIA 

2001 E. Fourth St., Suite 104 

Houston 77036 

Columbus 43229 

Needham 02192 

1975 Hamilton Avenue, Suite 30 

Santa Ana 92705 

Tel: 713/988-6546 

Tel: 614/764-9764 

Tel: 617/444-9020 

San Jose 95125 

Tel: 714/835-0712 

TWX: 910-881-7152 

TWX: 810-337-2876 

TWX: 710-325-1748 

Tel: 408/559-8600 

TWX: 910-338-0230 

TWX: 910-595-1711 

WASHINGTON 

330 112th N.E., Suite 100 

Bellevue 98004 

Tel: 206/455-2611 

TWX: 910-443-3032 

TEXAS 

1700 Eastgate Drive, Suite 120 
Garland 75041 

Tel: 214/681-5781 

TWX: 910/860-5511 

MICHIGAN 

23550 Haggerty Road 

Farmington 48024 

Tel: 313/474-6533 

Telex: 23-5238 



SALES REPRESENTATIVES* 


ALABAMA 

Conley & Associates 
Tel: 205/882-0316 
TWX: 810-726-2159 

ALASKA 

(See Washington) 


Tampa 

Tel: 813/885-7658 
TWX: 810-876-9136 

GEORGIA 

Conley & Associates, Inc. 
Tel: 404/447-6992 


ARIZONA 

Burr-Brown Research Corp. 
Tel: 602/746-1111 
TWX: 910-952-1111 

ARKANSAS 

(See Dallas, Texas) 

CALIFORNIA (Northern) 

Burr-Brown Research Corp. 
Tel: 408/559-8600 
TWX: 910-338-0230 

CALIFORNIA (Southern) 

Burr-Brown Research Corp. 
Tel: 213/991-8544; 

805/496-7581 
TWX: 910-336-1684 
Tel: 714/835-0712 
TWX: 910/595-1711 

COLORADO 

Burr-Brown Research Corp. 
Tel: 303/663-4440 
Enterprise 6730 (toll free) 
TWX: 910-930-9028 

CONNECTICUT 

(See NY Metropolitan Area) 

DELAWARE 

(See Pennsylvania, Eastern) 

FLORIDA 

Conley & Associates, Inc. 
Orlando 

Tel: 305/365-3283 
TWX: 810-856-3520 

Boca Raton 


HAWAII 

(See So. California) 

IDAHO 

(See Washington) 

ILLINOIS 

Burr-Brown Research Corp. 
Tel: 312/832-6520 
TWX: 910-254-1431 

INDIANA (Southern) 

Burr-Brown Research Corp. 
Tel: 317/636-4153 
TWX: 810-337-2876 

INDIANA (Northern) 

(See Michigan) 

IOWA 

Rep Associates, Inc. 

Tel: 319/393-0231 

KANSAS 

Midtech Associates, Inc. 
Tel: 913/441-6565 

KENTUCKY 

(See Southern Ohio) 

LOUISIANA (Northern) 

(See Dallas, Texas) 

LOUISIANA (Southern) 

(See Houston, Texas) 

MAINE 

(See Massachusetts) 

MARYLAND 

Marktron, Inc. 

Tel: 301/460-6100 


Tel: 305/395-61 08 TWX: 71 0-828-0089 


MASSACHUSETTS 

Burr-Brown Research Corp. 
Tel: 617/444-9020 
TWX: 710-325-1748 

MICHIGAN 

Burr-Brown Research Corp. 
Tel: 313/474-6533 
Telex: 23-5238 

MINNESOTA 

Electronic Sales Agency, Inc. 
Tel: 612/884-8291 
Telex: 29-0766 

MISSISSIPPI 

(See Alabama) 

MISSOURI 

Midtech Assoc-St. Louis, Inc. 
Tel: 314/837-5200 

MONTANA 

(See Colorado) 

NEBRASKA 

(See Kansas) 

NEVADA (Northern) 

(See No. California) 

NEVADA (Southern) 

(See So. California) 

NEW HAMPSHIRE 

(See Massachusetts) 

NEW JERSEY 

(See NY Metropolitan Area) 

NEW MEXICO 

Burr-Brown Research Corp. 
Albuquerque 
Enterprise 6730 (toll free) 

NEW YORK 

METROPOLITAN AREA 

Burr-Brown Research Corp. 
Tel: 914/253-9333 
TWX: 710-568-1355 


TWX: 510-953-7548 


NEW YORK 

Advanced Components Corp. 

N. Syracuse 
Tel: 315/699-2671 
TWX: 710-541-0439 

Endicott 

Tel: 607/785-3191 

Scottsville 
Tel: 716/889-1429 

Rochester 
Tel: 716/544-7017 

Clinton 

Tel: 315/853-6438 

N. CAROLINA 

Murcota Corporation 
Tel: 919/722-9445 
TWX: 510-931-3101 

N. DAKOTA 

(See Minnesota) 

OHIO (Northeastern) 

K-T Marketing, Inc. 

Tel: 216/248-9123 

OHIO (Southern) 

Burr-Brown Research Corp. 
Tel: 614/764-9764 
TWX: 810-337-2876 

OKLAHOMA 

(See Dallas, Texas) 

OREGON 

(See Washington) 

PENNSYLVANIA (Eastern) 

QED Electronics, Inc. 

Tel: 215/674-9600 
TWX: 510-665-6520 

PENNSYLVANIA (Western) 

K-T Marketing, Inc. 

Tel: 412/487-8777 

RHODE ISLAND 

(See Massachusetts) 


S. CAROLINA 

(See No. Carolina) 

S. DAKOTA 

(See Minnesota) 

TENNESSEE 

(See Georgia) 

TEXAS 

Burr-Brown Research Corp. 
Dallas 

Tel: 214/681-5781 
TWX: 910/860-5511 

El Paso 

(See Colorado) 

Houston 

Tel: 713/988-6546 
TWX: 910-881-7152 

UTAH 

Burr-Brown Research Corp. 
Salt Lake City 
Zenith 6730 (toll free) 

VERMONT 

(See Massachusetts) 

VIRGINIA 

(See Maryland) 

WASHINGTON 

Burr-Brown Research Corp. 
Tel: 206/455-261 1 
TWX: 910-443-3032 

WASHINGTON, D.C. 

(See Maryland) 

WEST VIRGINIA 

(See Southern Ohio) 

WISCONSIN (Western) 

(See Minnesota) 

WISCONSIN (Eastern) 

(See Illinois) 

WYOMING 

(See Colorado) 


Contact these sales representatives concerning products listed in sections 1, 2, 3, 4, 5, 6, 7, 8, 9 and 12. 















